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PREPARATION AND DECOMPOSITION OP 
MENTHYL AND BORNYL ESTERS OP BEN- 
ZENESULPHONIG, NAPHTHALENE-a - 
SULPHONIO AND NAPHTHALENE-- SUL- 
PHONIC ACIDS.
INTRODUCTION.
T h is  work a r o s e  from t h e  d i s o o v e r y  by P a t t e r ­
son and  Prew ( J . ,  1906,  89,  332 j , w h i l e  engaged i n  t h e  
e x a m in a t io n  o f  t h e  o p t i c a l  r o t a t i o n  o f  m en th y l  ben zene-  
s u l p h o n a t e  and m en th y l  n a p h t h a l e n e -  p - s a l p h o n a t e , t h a t  
t h e s e  e s t e r s  decompose i n  t h e  homogeneous s t a t e  a t  tem­
p e r a t u r e s  j u s t  above t h e i r  m e l t i n g  p o i n t s ,  t h a t  i s ,  a t  
a bou t  8 4 ® and 1 2 0 ° r e s p e c t i v e l y ,  w i t h  t h e  s e p a r a t i o n  o f  
a d a rk  c o l o u r e d  s o l i d ,  th e  o t h e r  p r o d u c t ,  o r  p r o d u c t s ,  
b e in g  l i q u i d .  They a l s o  n o t i c e d  t h a t  t h e  n a p h t h a l e n e -
^  - s u l p h o n i c  e s t e r  decomposed i n  n i t r o b e n z e n e  s o l u t i o n  
some d e g r e e s  below i t s  m e l t i n g  p o i n t  ( a t  1 0 0 ° j . T h is  
was u nex p ec te d  s i n c e  many o t h e r  m en th y l  e s t e r s  a r e  much 
more s t a b l e ,  and can  be d i s t i l l e d  a t  c o n s i d e r a b l y  h i g h e r  
t e m p e r a t u r e s  w i th o u t  d e c o m p o s i t i o n .  Examples o f  such 
e s t e r s  a re  t h o s e  o f  the  homologous s e r i e s  o f  a c i d s  from 
fo rm ic  to  o c t o i c  ( T s c h u g a e f f ,  1896, A*, ( i i j ,  275) ,  o f  
h a lo g e n  s u b s t i t u t e d  a c e t i c  and p r o p i o n i c  a c i d s  (Cohen, 
1911, T . ,  1058) ,  o f  b e n z o i c ,  £ - ,  m- , and £ - t o l u i c , p h e n y l  
a c e t i c ,  and pheny l  p r o p i o n i c  a c i d s  ( T s c h u g a e f f ,  1898,  A*, 
( i i ) , 4 9 5 ) ,  o f  t h e  i s o m e r i c  c h lo r o  and d i c h l o r o  b e n z o ic  
a c i d s  (Cohen and B r i g g s ,  1903, T . ,  1 2 1 3 ) .  A l l  o f  
t h e s e  b o i l  a t  t e m p e r a t u r e s  c o n s i d e r a b l y  above 1 0 0 ° , unde r  
r ed u c ed  p r e s s u r e ,  many b e in g  above 20(f a t  12 mm. I n
- 2 -
t h e  oasQ o f  t h r e e  o f  t h e  I s o m e r i c  d i c h l o r o h e n z o i c  
e s t e r s ,  nam ely  t h e  2 : 3 ,  2 : 5 ,  and th e  3 :4 e s t e r s ,  
s l i g h t  d e c o m p o s i t i o n  i n t o  a c i d  was o b s e r v e d  a t  th e  b e ­
g i n n i n g  o f  the  d i s t i l l a t i o n ,  b u t  th e  e s t e r  was o b t a i n e d  
pu re  a f t e r  f i l t e r i n g  o f f  the  s o l i d .  A p a r t  from t h i s ,  
th e  o n ly  o t h e r  m en th y l  e s t e r  showing s i m i l a r  b e h a v i o u r  
t h a t  can be t r a c e d  i n  th e  l i t e r a t u r e  i s  m en th y l  m ethy l  
x a n th o g e n a t e  ( T s c h u g a e f f ,  J .  R u ss .  P h y s .  Ghem. S o c . ,  
1903, 1116 - 1 1 79 ) ,  o f  s t r u c t u r e  G  ̂.0 . CS^‘Me;
t h a t  i s  to s a y ,  a n o th e r  compound c o n t a i n i n g  s u l p h u r  i n  
t h e  a c id  g r o u p i n g .  I t  t h e r e f o r e  seemed o f  i n t e r e s t  
to  i n v e s t i g a t e  t h e  n a t u r e  o f  th e  d e c o m p o s i t io n  and th e  
v a r i e d  c o n d i t i o n s  u n de r  which  i t  may be  c a r r i e d  o u t .
S e e in g  t h a t  t h e r e  i s  some s i m i l a r i t y  i n  t h e  
s t r u c t u r e s  o f  menthol  and b o r n e o l ,  t h e  main d i f f e r e n c e  
b e in g  t h e  l i n k i n g  up o f  one ca rb o n  atom th r o u g h  th e  
p ro p y l  g roup  a t t a c h e d  to  i t  w i t h  t h e  c a rb o n  atom i n  t h e  
p a r a  p o s i t i o n ,  to  g iv e  a d i c y c l i c  t e r p e n e ,
CH. CH3
H „ C  C H g  H o C  I C H . O H
CH . C . C H ,
3 I 3
H C C H . O H  H „ C  , C H
I
C H ( C H  )
3 2
Menthol  B o m e o l
- 3 -
i t  seemed l i k e l y  t h a t  t h e  o o r r e s p o n d in g  s u lp h o n ic  e s t e r s  
o f  t h i s  t e r p e n i c  a l c o h o l  v/ould show s i m i l a r  b e h a v i o u r  
t o  t h a t  found f o r  t h e  m en thy l  e s t e r s .  T h is  seemed 
t h e  more p o s s i b l e  s i n c e  b o r n y l  m e th y l  x a n th o g e n a t e  d e ­
composes i n  t h e  same manner as  m en thy l  m e thy l  x a n th o g e n ­
a t e  ( T s c h u g a e f f ,  J .  R u s s .  P h y s .  Ghem. S o c . ,  1904, 3 6 ,
988 - 1 052) ,  w h i l e  t h e  o t h e r  b o r n y l  e s t e r s  which do n o t  
c o n t a i n  s u l p h u r  i n  t h e  a c i d  g roup  can  be d i s t i l l e d  a t  
h i g h  t e m p e r a t u r e s  i n  vacuo v / i th o u t  any d e c o m p o s i t i o n  
b e in g  o b s e r v e d ,  and t h u s  behave  l i k e  t h e  c o r r e s p o n d i n g  
m en th y l  e s t e r s .  Such a re  th o se  o f  the  homologous
s e r i e s  from fo rm ic  to  v a l e r i c  a c i d  ( T s c h u g a e f f ,  1898,
A.,  ( i i ) ,  4 9 5 ) ,  o f  h a lo g e n  s u b s t i t u t e d  a c e t i c  and b u t y r i c  
a c i d s  (Minguin and de B e l l e m e n t ,  G. r . ,  1902, 1 3 4 , 608) ,  
o f  b e n z o ic  and o f  s a l i c y l i c  a c i d s  (Ghemische E a b r i k  von 
Heyden (D. R. P . ,  175097) ,  A., 1907, ( i ) ,  4 29) .
PREPAMION O i  THE ESTERS.
The same g e n e r a l  method was used i n  th e  case  
o f  a l l  t h e s e  oompounds, b o t h  m en thy l  and b o r n y l ,  namely 
th e  a c t i o n  o f  t h e  a c i d  c h l o r i d e  on th e  t e r p e n i c  a l c o h o l  
i n  c o ld  p y r i d i n e  s o l u t i o n  a c c o r d i n g  to t h e  e q u a t i o n  
C,^H OH + CI.SO2 .R GioH^^.O'SOg'R + HCl 
(where  x i s  e i t h e r  17 o r  19, and R i s  the  benzene  or  
n a p h th a l e n e  n u c l e u s ) . Only s l i g h t  m o d i f i c a t i o n s  were 
n e c e s s a r y ,  and th e s e  w i l l  be d e s c r i b e d  i n  c o n n e c t i o n  
w i t h  the  i n d i v i d u a l  e s t e r s .
P r e p a r a t i o n  o f  1 -Menthyl  B e n z e n e s a l p h o n a t e .
18*7 gms. o f  p u re  j . -m en tho l  were d i s s o l v e d  in  
60 gms. o f  pure  p y r i d i n e ,  and th e  whole c o o le d  i n  a 
f r e e z i n g  m ix t u r e  to  0 ° .  2 1  *1 gms. o f  b e n z e n e su lp h o n -
i c  c h l o r i d e  were t h e n  added v e ry  s lo w ly  w i t h  c o n s t a n t  
s t i r r i n g ,  c o n s i d e r a b l e  r i s e  o f  t e m p e r a t u r e  b e in g  a v o id e d  
A f t e r  some t im e  c r y s t a l s  app ea red  and became ve ry  numer­
ous on s t i r r i n g .  The whole was a l lo w ed  to  s t a n d  f o r  
t h r e e  o r  f o u r  h o u r s ,  and t h e n  a l a r g e  q u a n t i t y  o f  w a t e r  
was added .  The o i l  which  s e p a r a t e d  s o l i d i f i e d  immed­
i a t e l y ,  and was f i l t e r e d  and d r i e d .
The c rude  p ro d u c t  t h u s  o b t a i n e d  c r y s t a l l i s e d  
r e a d i l y  from m e th y l  o r  e t h y l  a l c o h o l  i n  s t e l l a t e  m asses
- o-
o f  n e e d l e  c r y s t a l s .  Even when th e  s o l u t i o n  was 
m o d e r a t e l y  d i l u t e  t h e  whole s e t  to  a s o l i d  mass on 
c o o l i n g ,  from w h ic h  t h e  s o l v e n t  had to  be  removed by 
d r a i n i n g  and p r e s s i n g  a t  t h e  pump, and f i n a l l y  on po rous  
p l a t e  i n  a vacuum d e s i c c a t o r  o v e r  s u l p h u r i c  a c i d .  Two 
o r  t h r e e  c r y s t a l l i s a t i o n s  were s u f f i c i e n t  to remove a l l  
uncombined m e n th o l .  The pure  e s t e r  t h e n  m e l t e d  a t  79°,  
and had  r o t a t i o n  i n  benzene  s o l u t i o n  a t  c = 3 o f
17-  5 ,
54-6 I
( c a l c u l a t e d  i n  t h e  amount o f  m e n th o l  used) .
= - 7 4 . 0 6 .  The y i e l d  was 10*5 gms. ,  o r  30^
P r e p a r a t i o n  o f  1 -M enthyl  N a p h th a l e n e -  ^ - s u l p h o n a t e .
18 *7 gms. o f  m en tho l  were d i s s o l v e d  i n  
90 gms. o f  pure  p y r i d i n e  and c o o le d  as  b e f o r e  to  0° . 
27*2 gms. o f  n a p h t h a l e n e - ^  - s u l p h o n i c  c h l o r i d e  were 
added s l o w l y  w i th  s t i r r i n g ,  t h e  t e m p e r a t u r e  n o t  b e in g  
a l low ed  to  r i s e  c o n s i d e r a b l y .  T h is  d i s s o l v e d  i n
th e  p y r i d i n e  and a f t e r  some t im e  c r y s t a l s  a p p e a re d  and 
became more numerous on s t i r r i n g .  The-whole was 
t h e n  a l lo w e d  to  s t a n d  i n  t h e  f r e e z i n g  m ix tu r e  f o r  f i v e  
h o u r s ,  and a l a r g e  q u a n t i t y  o f  w a t e r  added as  b e f o r e .  
The o i l  s e p a r a t e d  and s o l i d i f i e d  im m e d ia te ly  and was 
f i l t e r e d  and d r i e d .
The c ru d e  p ro d u c t  c r y s t a l l i s e d  w e l l  from
- 6 -
e t h y l  a l c o h o l  i n  which i t  i s  f a i r l y  i n s o l u b l e  i n  th e
c o l d ,  and s e p a r a t i o n  from t h e  uncombined m entho l  was
p r a c t i c a l l y  com ple te  i n  one c r y s t a l l i s a t i o n .  The
p u re  e s t e r  formed f i n e  w h i t e  c r y s t a l s  m e l t i n g  a t  114®
and showing a r o t a t i o n  i n  benzene  s o l u t i o n  a t  c - 1 o f
[u l  '  ̂ - - 5 9 * 3 .  The y i e l d  was 30 gm s. ,  o r  75^
5 4 6  I
( c a l c u l a t e d  on m en tho l  u s e d ) .
P r e p a r a t i o n  o f  1 -M enthy l  N a p h t h a l e n e - a - s u l p h o n a t e .
T h is  e s t e r  had n o t  been  p r e p a r e d  p r e v i o u s l y  
b u t  was p r e p a r e d  i n  e x a c t l y  t h e  same way as  t h a t  d e s c r i b e d  
f o r  the  n a p h t h a l e n e -  p - s u l p h o n a t e ,  u s in g  th e  same quan­
t i t i e s  o f  th e  r e a c t i n g  m a t e r i a l s .  The c r u d e  e s t e r  
a l s o  c r y s t a l l i s e d  from e t h y l  a l c o h o l  i n  which i t  i s  a 
l i t t l e  more s o l u b l e  th an  th e  (3- e s t e r .  Two c r y s t a l l i ­
s a t i o n s ,  however ,  s u f f i c e d  to  f r e e  i t  from uncombined 
m e n th o l ,  v/hen i t  was o b t a i n e d  a s  f i n e  w h i t e  c r y s t a l s  
s l i g h t l y  e lo n g a t e d ,  but  n o t  n e e d l e - s h a p e d ,  m e l t i n g  w i th  
d e c o m p o s i t io n  a t  116*5, and had r o t a t i o n  i n  benzene s o l ­
u t i o n  a t  c = 1 o f  [cc]  ̂  ̂  ̂ = -9 3* 2 5 .  The y i e l d  was546 I
abou t  11 *5 gms. ,  o r  29jt.
E s t i m a t i o n  o f  S u l p h u r .  (E u s ion  M e th o d ) .
0*4182 gm s. o f  compound gave 0-2795 gms. o f  
BaSO^. i . e . ,  3 = 9
-7 -
0*4120 gms. o f  Gompound gave 0*2836 gms. o f
BaSO^. I . e . ,  3 = 9 * 1 8 f .
CgoHggSOg r e q u i r e s  3 = 9 *26^.
P r e p a r a t i o n  o f  1 -B o rn y l  B e n z e n e s u lp h o n a te  .
Pure  1^-borneol (18*5 g ms . ) ,  r e c r y s t a l l i s e d  
from p e t r o le u m  e t h e r  (M.P. 203° ,  and r o t a t i o n  i n  benzene  
s o l u t i o n  a t  c = 5*25 o f  [ a ]   ̂ , = -4 2 * 8 1 ) ,  v;as d i s s o l v e d
" 5 4 6  I
i n  p y r i d i n e  (60 gras.) and coo led  i n  an e f f i c i e n t  f r e e z i n g  
m ix t u r e  to  0 ° .  B e n z e n e s u lp h o n ic  c h l o r i d e  (21*1 gms.)  
was t h e n  added v e ry  s lo w ly  w i th  c o n s t a n t  s t i r r i n g ,  c a r e  
b e in g  t a k e n  t o  p r e v e n t  th e  t e m p e r a t u r e  r i s i n g  above 3 ° .  
A f t e r  a l i t t l e  t im e  c r y s t a l s  began  to  s e p a r a t e  and on 
c o n t i n u e d  s t i r r i n g  became v e r y  a b u n d a n t .  The whole 
was th en  a l low ed  to  s t a n d  f o r  t h r e e  to  f o u r  h o u r s  i n  th e  
f r e e z i n g  m ix t u r e  and t h e n  a l a r g e  q u a n t i t y  o f  w a te r  was 
added and t h e  whole  a l low ed  to  s t a n d  t i l l  t h e  o i l  which 
f i r s t  s e p a r a t e d  s o l i d i f i e d .  T h is  sho u ld  o c c u r  i n  a b o u t  
an h o u r . I t  was t h e n  f i l t e r e d  and d r i e d .  I n  
s e v e r a l  p r e p a r a t i o n s  th e  o i l  c o u ld  n o t  be  made to  s o l i ­
d i f y  i n  c o n t a c t  w i t h  t h e  w a t e r . I t  was t h e n  e x t r a c t e d
w i t h  e t h e r  o r  ben ze n e ,  th e  e x t r a c t  d r i e d  w i t h  CaGl^, t h e  
s o l v e n t  p a r t i a l l y  removed by e v a p o r a t i o n  i n  a i r ,  and 
f i n a l l y  i n  a vacuum d e s i c c a t o r  o v e r  H2 SO4. , when th e  
r e s i d u e  s o l i d i f i e d  t o  a  p a le  y e l lo w  c r y s t a l l i n e  m a s s .
-  8 -
1 - b o r n y l  b e n z e n e s u l p h o n a te  i s  v e r y  s o l u b l e  
i n  a l l  common o r g a n i c  s o l v e n t s ,  b u t  may be f r e e d  from 
uncombined b o r n e o l  by c r y s t a l l i s i n g  from l i g h t  p e t ro le u m  
e t h e r ,  when i t  forms f i n e  w h i t e  c r y s t a l s  s i m i l a r  i n  form 
to  th o s e  o f  th e  m en th y l  n a p h t h a l e n e s u l p h o n a t o s ,  m e l t i n g  
a t  52° f and shov/ing a r o t a t i o n  i n  benzene  s o l u t i o n  a t
I 0
c = 2*5 o f  [ c ]   ̂ = -22*40 ,  and i n  a l c o h o l  a t  t h e  same
■* 5 4 6  I
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c o n c e n t r a t i o n  o f  [ a ]  = -2 2 * 0 0 .  S e v e r a l  c r y s t a l l i -
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s a t i o n s  were n e c e s s a r y  to  o b t a i n  t h e  s u b s t a n c e  f r e e  from 
b o r n e o l ,  t h e  y i e l d  o f  p u re  p ro d u c t  b e in g  abou t  25^ ( c a l ­
c u l a t e d  on t h e  b o r n e o l  u s e d ) .
E s t i m a t i o n  o f  S u l p h u r .  (E u s io n  M e th o d ) .
0 .4170  gms. o f  compound gave 0 *3240 gms. o f  
BaSO^. i . e . ,  S = 10*67^.
0*4176 gms. o f  compound gave 0-3252 gms. o f  
BaSÛ4 . i . e . ,  3 = 10*69^.
C SO r e q u i r e s  3 = 10*95)ü.
I G 2 2 3
P r e p a r a t i o n  o f  1 -B o rn y l  N a p h th a le n e -  p - s u l p h o n a t e .
Pure  1 , -borneol  (18*50 gms.)  was d i s s o l v e d  i n  
p u re  p y r i d i n e  (90 gms.)  and c o o le d  i n  a  f r e e z i n g  m ix tu re  
to  0 ° .  N a p h t h a l e n e - p  - s u l p h o n i c  c h l o r i d e  (27*2 gms.)
was t h e n  added  g r a d u a l l y  w i th  s t i r r i n g ,  c o n s i d e r a b l e  r i s e
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i n  t h e  t e m p e r a t u r e  b e i n g  a v o id e d ,  when i t  d i s s o l v e d  i n  
t h e  p y r i d i n e .  A f t e r  s t a n d i n g  f o r  some t ime c r y s t a l s  
s e p a r a t e d .  The whole  v/as a l lo w ed  to  s t a n d  f o r  f i v e  
h o u r s  and a  l a r g e  q u a n t i t y  o f  v /a ter  added .  The o i l
which s e p a r a t e d  s o l i d i f i e d  a f t e r  a  s h o r t  t ime ( u s u a l l y  
about  h a l f - a n - h o u r j , and was f i l t e r e d  and d r i e d . I n  
no c a se  was i t  found i m p o s s i b l e  to  s o l i d i f y  the  o i l  
w h i l e  i n  c o n t a c t  w i t h  t h e  w a t e r .
T h is  e s t e r  i s  s o l u b l e  i n  a l l  t h e  common s o l ­
v e n t s ,  but  may be r e c r y s t a l l i s e d  from m eth y l  o r  e t h y l  
a l c o h o l ,  and from p e t r o l e u m  e t h e r ?  C r y s t a l l i s a t i o n
from e i t h e r  o f  t h e  a l c o h o l s  c au se d  i t  t o  s e p a r a t e  i n  
s t e l l a t e  m asses  o f  g l i s t e n i n g  c r y s t a l s  from which t h e  s o l  
v e n t  had to  be removed by d r a i n i n g  and p r e s s i n g  a t  t h e  
pump. Three  c r y s t a l l i s a t i o n s  f r e e d  t h i s  e s t e r  comple­
t e l y  from uncombined b o r n e o l .  The p u r e  e s t e r  m e l te d  
a t  7 6 ° 0 . ,  and showed a r o t a t i o n  i n  benzene  s o l u t i o n  a t  
c = S'O o f  [a]*® = -16*50 ,  and i n  a l c o h o l  a t  c = 2*5
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o f  [a ]  '  ̂ = -1 6 * 0 0 .  Y ie ld  o f  pure  p ro d u c t  was 60jt
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( c a l c u l a t e d  on the  amount o f  b o r n e o l  u s e d ) .
E s t i m a t i o n  o f  S u l p h u r .  (E u s io n  M ethod) .
0*4275 gms. o f  compound gave 0*2850 gms. o f  
BaSO^. i . e . ,  3 = 9*15^.
- 1 0 -
0*4091 gras, o f  compound gave 0*2750 gms. o f  
Ba3 Û4  . i . e . ,  3 = 9 -2 3 ^ .
C2 0 H2 4 SO3 r e q u i r e s  3 = 9 - 2 7 ^ .
P r e p a r a t i o n  o f  1 -B o r n y l  N a p h t h a l e n e - a  - s u l p h o n a t e .
The p r e p a r a t i o n  o f  t h i s  e s t e r  was c a r r i e d  o u t  
i n  t h e  same manner a s  t h a t  a l r e a d y  d e s c r i b e d  f o r  th e  
^ - e s t e r ,  u s i n g  s i m i l a r  q u a n t i t i e s  o f  t h e  r e a g e n t s . I t  
i s ,  however ,  e s s e n t i a l  t h a t  t h e  f r e e z i n g  m ix t u r e  be 
e f f i c i e n t ,  and t h a t  t h e  n a p h t h a l e n e - a - s u l p h o n i c  c h l o r i d e  
be  added a t  such  a r a t e  t h a t  th e  t e m p e r a t u r e  n e v e r  r i s e s  
above 3°G. I f  t h e  c o n d i t i o n s  have  been  c a r e f u l l y  
o b s e r v e d ,  t h e  o i l  which s e p a r a t e s  on t h e  a d d i t i o n  o f  th e  
v /a te r  should  s o l i d i f y  i n  a f e w -h o u rs*  I n  s e v e r a l  c a s e s  
t h i s  d i d  n o t  h ap p en .  The o i l  had  t h e n  to  be e x t r a c t e d  
w i t h  e t h e r  o r  b e n z e n e ,  t h e  e x t r a c t  d r i e d  v / i th  GaGl2 , and 
t h e  s o l v e n t  p a r t i a l l y  removed by d i s t i l l a t i o n ,  and f i n a l l y  
i n  a  vacuum d e s i c c a t o r  o v e r  H2 SO4. , when th e  r e s i d u e  s o l i ­
d i f i e d  to  a p a l e  y e l lo w  m ass .
The s o l i d  was v e ry  d i f f i c u l t  t o  f r e e  from u n ­
combined b o r n e o l  owing t o  i t s  g r e a t  s o l u b i l i t y  i n  a l l  
common s o l v e n t s .  A f t e r  s e v e r a l  c r y s t a l l i s a t i o n s  from 
p e t ro le u m  e t h e r  ( t h r e e  to  s i x )  t h e  e s t e r  was o b t a i n e d  as  
f i n e  w h i t e  c r y s t a l s  ( l i k e  th o se  o f  th e  b e n z e n e s u lp h o n ic
- - 1 1 “
e s t e r )  w i th  M.P. 9û°C., and r o t a t i o n  in  benzene s o l u ­
t i o n  at  G = 2*5 o f  Lu]  ̂ = -23*20, and i n  a l c o h o l
I 7 ' o
s o l u t i o n  at  the same c o n c e n tr a t io n  o f  Lu] = -26*40.
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The y i e l d  was about BOjt.
E s t im at ion  o f  Sulphur.  (Eusion Method).
0*4136 gras, o f  compound gave 0*2753 gras. o f  
BaSO^, i . e . ,  3 = 9*14^.
0*5060 gms. o f  compound gave 0*3394 gms. of  
BaSO^. i . e . ,  3 = 9-19^.
r e q u i r e s  3 = 9 .27^ .
W hile  th e  b o r n y l  e s t e r s  a re  n o t  a s  r e a d i l y  
p r e p a r e d  a s  th e  c o r r e s p o n d i n g  m enthyl  e s t e r s ,  n o r  i n  
such  good y i e l d s ,  y e t  t h ey  a r e  no t  d i f f i c u l t  to o b t a i n  
i n  q u a n t i t y ,  e s p e c i a l l y  t h e  n a p h t h a l e n e - ^  - s u l p h o n a t e . 
T h e r e f o r e  i f  i t  were  p o s s i b l e ,  s t a r t i n g  from c rude  
d - b o r n e o l ,  c o n t a i n i n g  1 - i s o b o r n e o l ,  to  o b t a i n  th e  d - e s t e r s  
o f  t h e s e  s u lp h o n ic  a c i d s  o f  r o t a t i o n  e q u a l  n u m e r i c a l l y  
to t h a t  o f  th e  1 - e s t e r s ,  and to  h y d r o l y s e  t h e s e ,  a more 
s im p le  method would be a v a i l a b l e  f o r  p u r i f y i n g  c ru d e  
d - b o r n e o l  t h a n  t h a t  o f  P i c k a r d  and L i t t l e b u r y  (1907, T . ,  
1973) a t  p r e s e n t  i n  u s e ,  which c o n s i s t s  i n  h e a t i n g  the  
a l c o h o l  w i t h  fu se d  z in c  c h l o r i d e  to  remove most o f  the  
i s o b o r n e o l . A f t e r  t h e  b o r n e o l  i s  r e c o v e r e d  by d i s ­
t i l l a t i o n  i t  i s  c o n v e r t e d  i n t o  th e  hydrogen p h t h a l a t e
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and t h i s  e s t e r  p u r i f i e d  and h y d r o l y s e d ,  v/hen t h e  b o r n e o l  
i s  found to  be p u re  and f r e e  from 1 - i s o b o r n e o l .  The 
p r e p a r a t i o n  o f  th e  d - s u l p h o n i c  e s t e r s  v/as t h e r e f o r e  
c a r r i e d  o u t  w i th  the  f o l l o w i n g  r e s u l t s .
P r e p a r a t i o n  o f  d -B o rn y l  B e n z e n e s u lp h o n a te .
T h is  e s t e r  was p r e p a r e d  i n  e x a c t l y  t h e  same 
way as  th e  c o r r e s p o n d i n g  1 - e s t e r ,  and c r y s t a l l i s e d  from 
th e  same medium. I t s  m e l t i n g  p o i n t  was 52° ,  bu t  i t s
r o t a t i o n  when p r e p a r e d  from th e  c ru d e  b o r n e o l  was lo w er  
t h a n  t h a t  o f  t h e  pure  1 - compound  ̂ = + 21*30 i n
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b en zen e  s o l u t i o n  a t  c = 2*5) and co u ld  n o t  be r a i s e d  by 
r e c r y s t a l l i s a t i o n .  T h is  e s t e r  i s  t h e r e f o r e  u s e l e s s  
f o r  t h e  p u rpose  i n  v iew .
P r e p a r a t i o n  o f  d - B o m y l  N a p h th a le n e -  p - s u lp h o n a te  .
T h is  was a l s o  c a r r i e d  o u t  i n  e x a c t l y  t h e  same 
manner as  f o r  t h e  1 - e s t e r  u s i n g  c rude  d - b o r n e o l .  C ry s ­
t a l l i s a t i o n  from m ethy l  o r  e t h y l  a l c o h o l  o r  from p e t r o ­
leum e t h e r  gave th e  c o n s t a n t s ,  M.P. 76°,  and r o t a t i o n  
i n  benzene  s o l u t i o n  a t  c = 3*0 o f  fa ]  *  ̂  ̂ =+15*80: t h a t
5 4 6  I
i s ,  the  same m e l t i n g  p o i n t  b u t  a low er  r o t a t i o n  n u m e r i ­
c a l l y  than  t h a t  o f  t h e  l - e s t e r .  By c r y s t a l l i s i n g  th e  
s u b s ta n c e  from a m ix tu r e  o f  m e th y l  a l c o h o l  and p e t ro leu m
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Q tb e r ,  t h i s  r o t a t i o n  was r a i s e d  t i l l  i t  e q u a l l e d  t h a t  
o f  t h e  i s o m e r ,  making i t  seem p o s s i b l e  t h a t  t h e  c o n ta m in a ­
t i n g  1 - i s o b o m e o l  had been  removed i n  t h e  p r o c e s s  o f  
f o r m a t io n  and p u r i f i c a t i o n  o f  t h e  e s t e r .  Many a t t e m p t s  
were now made t o  h y d r o l y s e  th e  e s t e r ,  bu t  no b o r n e o l  v/as 
i s o l a t e d  u n d e r  any o f  t h e  c o n d i t i o n s  u sed ,  t h e  decom­
p o s i t i o n  h a v in g  gone f u r t h e r . This  w i l l  be d e a l t  w i th  
i n  d e t a i l  u n d e r  th e  d e c o m p o s i t i o n  o f  t h e s e  e s t e r s .
P r e p a r a t i o n  o f  d -B o rn y l  N a p h th a le n e -  a - s a l p h o n a t e .
T h is  was a l s o  c a r r i e d  o u t  as  d e s c r i b e d  f o r  
the  c o r r e s p o n d i n g  1 - e s t e r  u s in g  th e  c ru d e  d - b o m e o l ,  b u t  
i t  was im p o s s i b l e  to  p u r i f y  the  c ru d e  e s t e r  by c r y s t a l ­
l i s a t i o n  from any s o l v e n t ,  p resu m ab ly  ov/ing to the  i m p u r i t y  
p r e s e n t ,  namely the  1 - i s o b o r n e o l .  D i s t i l l a t i o n  can no t  
be used  a s  a  means o f  p u r i f i c a t i o n  s i n c e  i t  c a u s e s  decom­
p o s i t i o n .
I t  i s  t h u s  i m p o s s i b l e  to  p u r i f y  c ru d e  d - b o r n e o l  
by t h e  f o r m a t i o n  o f  t h e s e  e s t e r s .
DECOMPOSITION OF THE E3TER3.-
The d e c o m p o s i t io n  o f  a l l  t h e s e  e s t e r s  was 
e f f e c t e d  i n  f o u r  d i f f e r e n t  v/ays, namely:  -
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A. I n  t h e  homogeneous s t a t e  i n  s e a l e d  t u b e s .
B. By d i r e c t  d i s t i l l a t i o n  i n  v acuo .
G. By h e a t i n g  i n  s o l u t i o n  i n  v a r i o u s  s o l v e n t s .
D . By h y d r o l y t i c  m e th od s .
I n  t h e  c a se  o f  the  m en th y l  e s t e r s  t h e  main 
i n v e s t i g a t i o n  o f  each  method o f  d e c o m p o s i t io n  was c a r r i e d  
ou t  on th e  b e n z e n e s u l p h o n a te ,  b u t  v / i th  t h e  b o r n y l  e s t e r s  
t h e  n a p h t h a l e n e -  g - s u lp h o n ic  e s t e r  v/as used s i n c e  i t  was 
t h e  o n ly  one which  c o u ld  be o b t a i n e d  w i th  ease  i n  l a r g e  
q u a n t i t i e s  i n  s a t i s f a c t o r y  y i e l d s .
A. heating  i n  BEADED TUBE3 .
Menthyl  B e n z e n e s u l p h o n a t e .
When m en thy l  b e n z e n e s u lp h o n a te  was h e a te d  i n  
s e a l e d  t u b e s  i n  a w a t e r  o r  steam b a t h  to  85° - 90° f o r  
s i x  h o u r s ,  com ple te  s e p a r a t i o n  i n t o  two l a y e r s  took  
p l a c e ,  b u t  no p r e s s u r e  was d e v e lo p e d .  On c o o l i n g  the  
low er  l a y e r  s o l i d i f i e d  to  a brown d e l i q u e s c e n t  s o l i d .
The u p pe r  l a y e r  i n  th e  c rud e  s t a t e  had a  s l i g h t  p o s i t i v e  
r o t a t i o n  and on d i s t i l l a t i o n  i n  vacuo s e p a r a t e d  i n t o  a 
low f r a c t i o n  b o i l i n g  a t  72° - 75° a t  4 mm., and a  h ig h  
f r a c t i o n  b o i l i n g  a t  150° - 2^0° a t  th e  same p r e s s u r e .
The low f r a c t i o n  v/as a  c l e a r ,  c o l o u r l e s s ,  r e f r a c t i v e  
l i q u i d ,  d i s t i l l i n g  under  o r d i n a r y  c o n d i t i o n s  a t  167° -
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169° . A n a l y s i s  gave t h e  f o l lo v / i n g  r e s u l t s  ;-
0*1496 gms. o f  l i q u i d  gave 0 .4 7 00  gms. OO2 , •
and 0*1922 gms . * i . e .  G = 8 5 * 6 7yl and H - 14 * 37^ .
0*152/' gms. o f  l i q u i d  gave 0*4782 gms. GOg,
and 0*1916 gras. E^O. i . e .  G » 85*61^ and H = 14 *39^.
D e t e r m i n a t i o n  o f  t h e  m o le c u l a r  w e igh t  i n  b e n ­
zene  by t h e  o r y o s c o p i c  method gave th e  v a lu e  142 .  These 
r e s u l t s  a g re e  w i t h  t h e  fo rm u la  G  ̂ Hgo r e q u i r e s
0 = 85*71, E = 1 4 -29 ,  and M - 140.
The l i q u i d  had d e n s i t y  0*7965, m o l e c u l a r  
r e f r a c t i v i t y  46*25 ( c a l c u l a t e d  on G, 0 ^ 2 0 ^̂ %̂" 46*18) ,
showing t h a t  t h e  s u b s t a n c e  v/as c o m p le t e ly  s a t u r a t e d  
and v/as o p t i c a l l y  i n a c t i v e .  T e s t i n g  w i th  bromine w a te r  
co n f i rm ed  the  s a t u r a t e d  n a t u r e  o f  t h e  compound s i n c e  i t  
was n o t  d e c o l o u r i s e d  a t  a l l .  On n i t r a t i o n  w i th  HEO3 
o f  Sp .  Gr. 1*075, a y e l l o w  n i t r o  d e r i v a t i v e  v/as o b t a i n e d  
which b o i l e d  a t  135° - 137° under  25 mm., and which had
r e f r a c t i v e  i n d e x = 1 * /6 2 4 1 .  These d a t a  c o r r e sp o n d
D
c l o s e l y  w i t h  th o s e  g i v e n  by Xonov/aloff  ( J .  B u s s . P h ys .  
Ghém. Boo. ,  1904, 237) f o r  hexahydrocymene , p ro v in g




















The h i g h e r  f r a c t i o n  on r e p e a t e d  f r a c t i o n a t i o n  
i n  vacuo s e p a r a t e d  i n t o  two f r a c t i o n s ,  th e  low er  one b e in g  
a v i s c o u s  o i l y  l i q u i d  b o i l i n g  a t  174  ̂ u n d e r  4 mm. , and 
th e  h i g h e r  one a g e l a t i n o u s  mass b o i l i n g  a t  240° - 270° 
und e r  the  same p r e s s u r e .  A n a l y s i s  o f  t h e  v i s c o u s  
l i q u i d  gave  t h e  f o l lo w in g  f i g u r e s  :-
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0*1532 gms. o f  l i q u i d  gave 0*4878 gms. 00 ,
and 0*1604 gms. o f  H^O. i . e .  0 = 86*81, and H = 13 *18^.
0*1500 gms. o f  l i q u i d  gave 0*4773 gms. 00^,
and 0*1762 gms. o f  E^O. i . e .  G = 86*78, and H = 13*15/!.
D e t e r m i n a t i o n  o f  th e  m o le c u l a r  w e ig h t  i n  ben­
zene  ( o r y o s c o p ic  method) gave M ** 273*1. These v a lu e s  
a g re e  w i th  t h o s e  r e q u i r e d  by the  fo rm u la  th e
c o r r e c t  r e s u l t s  b e in g  G = 86*87, H = 13*13, and M = 276.
I 7“
This  l i q u i d  had D^^ = 0*8845, and m o le c u la r
r e f r a c t i v i t y  - 8 8 * 1 4  ( c a l c u l a t e d  on “ S7*96j
shov/ing t h e  compound to  be  c o m p le t e ly  s a t u r a t e d .  I t  
was v e ry  s l i g h t l y  d e x t r o  r o t a t o r y ,  d i d  n o t  d e c o l o u r i s e  
EMnO^ s o l u t i o n  even on s t a n d i n g ,  bu t  on t r e a t m e n t  w i th  
bromine  HBr v/as e v o lv e d .  T h is  compound c o r r e s p o n d s  
c l o s e l y  w i t h  t h a t  o b t a in e d  by T o l lo czk o  ( J .  R uss .  Phy s .  
Ghem. Boc .,  29, 39; and G.,  1898, ( i ) ,  105) a lo n g  w i th  
menthane ( o f  hexahydrocymene on t r e a t m e n t  o f  m enthol  w i th  
HgSO^, t h e  on ly  d i f f e r e n c e  b e in g  t h e  com ple te  o p t i c a l  i n ­
a c t i v i t y  o f  t h e  compound o b t a i n e d  i n  t h i s  m anner .  The
d e t e r m i n a t i o n  o f  th e  c o n s t i t u t i o n  o f  t h i s  d imenthene by 
p h y s i c a l  means, and th e  f a c t  t h a t  i t  can be o b t a i n e d  from 
menthene ,  l e d  I . I . Xannonikow ( G. ,  1899, ( 2 ) ,  860) to 
g iv e  i t  t h e  c o n s t i t u t i o n a l  fo rm u la :
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T h is  f o r m u la  f o r  d imenthene  v/ould i n d i c a t e  t h e  p o s s i b i l i t y  
o f  o p t i c a l  a c t i v i t y .
The g e l a t i n o u s  s u b s ta n c e  b o i l i n g  a t  240
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270 / 4  mm. c o u ld  n o t  be  p u r i f i e d ,  and no work c o u ld  t h e r e f o r e  
be done on i t .  T o l lo c z k o ,  hov/ever,  o b t a i n e d  t h e  same s u b ­
s t a n c e  on t r e a t i n g  m en tho l  w i t h  b u t  h a z a r d s  no s u g ­
g e s t i o n  a s  to  i t s  p o s s i b l e  n a t u r e .
An a t t e m p t  was made to  c r y s t a l l i s e  t h e  s o l i d  
d i r e c t l y  from v a r i o u s  s o l v e n t s ,  bu t  t h i s  was found  to  be  im­
p o s s i b l e  owing to i t s  lov/ m e l t i n g  p o i n t  and d e l i q u e s c e n t  
n a t u r e .  S in ce  i t  was s o l u b l e  i n  w a t e r  and the  s o l u t i o n
t h u s  o b t a i n e d  was s t r o n g l y  a c i d ,  i t s  aqueous  s o l u t i o n  was
p u r i f i e d  from t a r r y  and c a rb o n a c e o u s  m a t t e r  by b o i l i n g  w i th  
an im al  c h a r c o a l ,  and  the bar ium  s a l t  formed by  n e u t r a l i s a t i o n  
o f  t h e  s o l u t i o n  v/ i th  ba r ium  c a r b o n a t e .  On r e c r y s t a l l i s a t i o n  
o f  t h i s  s a l t  from h o t  w a t e r  i t  formed c h a r a c t e r i s t i c  g l a s s y  
c r y s t a l s ,  s p a r i n g l y  s o l u b l e  i n  c o ld  w a t e r ,  v/hich gave th e  
f o l l o w i n g  a n a l y s i s  :
( a) W ater  o f  C r y s t a l l i s a t i o n .
0*3336 gms. o f  d ry  s a l t  l o s t  0*0131 gms. on 
h e a t i n g .  i . e .  E 0 = 3*92^.
0 946 gms.- o f  ' d ry  s a l t  l o s t  0*0193 gms. on
h e a t i n g .  i . e .  E 0 = 3*89)!.
( b) B a r iu m .
T his  was e s t im a t e d  by d i s s o l v i n g  the  s a l t  i n  ho t  
v /a te r  and p r e c i p i t a t i n g  t h e  BaoO w i t h  h o t  d i l u t e  E,^BO ^
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i n  p re s e n c e  o f  HGl.
0*513^ gms. o f  s a l t  gave  0*2533 gms* o f  
BaSO^. i . e .  Ba = 2 9 '0 3 ^ .
0*5306 gms* o f  s a l t  gave 0*2618 gms * o f  
BaSO . 1 . 8 .  Ba = 2 9"0 2 ^ .4
3a(CgH_ .SO^ . 0 ;  r e q u ir e s  Ba = 29*27, and 
H^O * 3 '8 2 ,  proving that  the s o l i d  decom posit ion  product  
was benzenesulphonic  a c id .
M enthyl  N a p h th a le n e -  p - s u l p h o n a t e .
When t h i s  e s t e r  was h e a t e d  i n  a s e a l e d  tu b e  
to'  1 2 0  , com ple te  d e c o m p o s i t io n  w i th  s e p a r a t i o n  i n t o  two 
l a y e r s  a g a in  to o k  p l a c e .  The l i q u i d  l a y e r  had a low 
p o s i t i v e  r o t a t i o n  a s  b e f o r e ,  and on d i s t i l l a t i o n  i n  
vacuo s e p a r a t e d  i n t o  t h r e e  f r a c t i o n s .
The low b o i l i n g  f r a c t i o n  was o p t i c a l l y  i n a c t i v e
and b o i l e d  a t  167* - 169* under  o r d i n a r y  c o n d i t i o n s .  I t s
a n a l y s i s  v/as a s  fo l lo w s
0*1616 gms. o f  l i q u i d  gave 0*5076 gms. GOg, '  
and 0*2051 g m s . H^O. i . e .  G = 85*65^ and H • 14 *20^.
0*156^- gms. o f  l i q u i d  gave 0*6907 gms. GOg, 
and 0*2008 gms. H^J .  i . e .  G = 85*56/1 and H = 1^*34/i . 
These f i g u r e s  co r re sp o n d  to the  fo rm u la  G&oHg*, p r o v in g  
t h e  l i q u i d  to  be a g a in  hexahydrocym ene .
* 21“
The m iddle  f r a c t i o n  v/as a v i s c o u s  l i q u i d  b o i l ­
i n g  a t  174° under  4 mm. p r e s s u r e .  I t  showed a v e ry  
s l i g h t  p o s i t i v e  r o t a t i o n ,  and gave  th e  f o l l o w i n g  a n a l y s i s :
0*1566 gms. o f  l i q u i d  gave 0*4986 gms. 00^, and
0 .1828  gms. H O. i . e .  0 = 86*82fi and H = 13*07^.
0*1583 gms. o f  l i q u i d  gave 0*5035 gms. OO2 , and 
0*1861 gms. HgO. i . e .  0 = 86*74^ and H = 13*16#, 
c o r r e s p o n d i n g  to t h e  fo rm u la  was t h e r e f o r e
t h e  d imenthene  a l r e a d y  o b t a i n e d  from t h e  b e n z e n e s u lp h o n ic  
e s t e r .
Some o f  t h e  g e l a t i n o u s  s u b s ta n c e  b o i l i n g  a t  
240° - 270° a t  4 mm. was a l s o  o b t a i n e d .
The s o l i d  i n  t h i s  case  c r y s t a l l i s e d  w i t h  d i f f i ­
c u l t y  from c h lo ro fo rm  and m e l te d  a t  8 0 ° .  I t  c o u ld  n o t ,  
however ,  be  o b t a i n e d  s u f f i c i e n t l y  p u re  f o r  a n a l y s i s ,  and 
i t s  c o n s t i t u t i o n  was t h e r e f o r e  d e te rm in ed  by p r e p a r i n g  i t s  
ba r ium  s a l t  i n  t h e  same manner as  b e f o r e .  I t  c r y s t a l l i s e d  
i n  f l a t  c h a r a c t e r i s t i c  g l i s t e n i n g  p l a t e s .
W ater  o f  C r y s t a l l i s a t i o n .
0*5050 gms. o f  d ry  s a l t  l o s t  0*0160 gms. on 
h e a t i n g .  i . e .  H ^0 = 3*170#.
0*5162 gms. o f  d ry  s a l t  l o s t  0*0164 gms. on 
h e a t i n g .  i . e .  H^O = 3*176#.
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B a r la m .
0*5542 gms. o f  s a l t  gave 0*2265 gms. BaSO^, 
i . e .  Ba = 24*07#.
0*5227 gms. o f  s a l t  gave 0*2133 gms. BaSO^, 
i . e .  Ba = 24*02#.
(C r e q u i r e s  Ba = 24*13, and
H^O = 3*162.  T h e r e f o r e  t h e  o r i g i n a l  p ro d u c t  o f  d e ­
c o m p o s i t i o n  was n a p h t h a l e n e -  (3 - s u l p h o n i c  a c i d .
Menthyl  N a p h t h a l e n e - a - s u l p h o n a t e .
T h is  e s t e r  was a l s o  decomposed i n  s e a l e d  t u b e s ,  
d e c o m p o s i t io n  t a k i n g  p l a c e  f a i r l y  r a p i d l y  a t  1 2 0 °, when 
two l a y e r s  a g a in  fo rm ed .  The l i q u i d  l a y e r  on d i s t i l l a t ­
i o n  and a n a l y s i s  was found to  c o n s i s t  o f  th e  same t h r e e  
l i q u i d s ,  namely  hexahydrocymene ( B. p .  167* - 169*and 
0 = 85*58#,* H = 14*37# j ,  d imenthene  (B .P .  174° a t  4 mm.; 
and G = 86*60; H = 13*08#),  and a  g e l a t i n o u s  mass b o i l i n g  
a t  240° - 270 / 4  mm.
The n a p h t h a l e n e - a  - s u l p h o n i c  a c i d  was c h a r a c t e r ­
i s e d  by  t h e  f o r m a t io n  o f  i t s  ba r ium  s a l t  which c r y s t a l l i s e s  
from w a t e r  w i t h  one m o le cu le  o f  w a te r  o f  c r y s t a l l i s a t i o n ,  
and gave  t h e  f o l lo w in g  a n a l y s i s  f o r  b a r iu m ;
.0*5122 gms. o f  s a l t  gave 0*2106 gms * BaSO^.,
i . e .  Ba = 24*18#.
0*5262 gms. o f  s a l t  gave 0*2153 gms. BaSO^,
i . e .  Ba = 24*08#;
th e  c o r r e c t  r e s u l t  b e in g  Ba = 2 4 .1 3 # .
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Thus th e  d e c o m p o s i t io n  o f  t h e s e  e s t e r s  by- 
p ro lo n g e d  h e a t i n g  i n  s e a l e d  t u b e s  r e s u l t s  i n  th e  s p l i t t i n g  
o f f  o f  t h e  s u lp h o n ic  a c i d ,  and the  c o m b in a t io n  o f  t h e  
r e s i d u e s  to  form d im e n th e n e .  No menthene c o u ld  be 
found a t  a l l .  Secondary  r e a c t i o n s  a l s o  t a k e  p l a c e  
w i t h  t h e  f o r m a t io n  o f  hexahydrocym ene , c a rb o n a c e o u s  m a t t e r ,  
and t a r r y  p r o d u c t s .
D e co m po s i t io n  o f  B o rn y l  N a p h th a l e n e -  p - s u l p h o n a t e .
When b o r n y l  n a p h t h a l e n e -  ^ - s u l p h o n a t e  was 
h e a t e d  i n  a  s e a l e d  tu b e  a t  o r d i n a r y  p r e s s u r e  to  80° - 
90° f o r  two to  t h r e e  h o u r s ,  com ple te  s e p a r a t i o n  i n t o  two 
l a y e r s  to o k  p l a c e ,  no p r e s s u r e  b e in g  d e v e l o p e d .  On 
c o o l i n g  t h e  bo t to m  l a y e r  s o l i d i f i e d  to à  brown s o l i d .
The upp e r  l a y e r  i n  t h e  c rud e  s t a t e  had a v i s c o u s  a p p e a r ­
ance ,  and, on d i s t i l l i n g  i n  vacuo ,  s e p a r a t e d  i n t o  two 
f r a c t i o n s ,  t h e  lov/ one b o i l i n g  a t  60° -  65° a t  4 mm., 
and th e  h ig h  one a t  140° - 240° a t  the  same p r e s s u r e .
The low f r a c t i o n  i s  a  c l e a r ,  c o l o u r l e s s ,  r e ­
f r a c t i v e  l i q u i d ,  o f  e t h e r e a l  odour ,  b o i l i n g  a t  157° - 
160° under  o r d i n a r y  c o n d i t i o n s ,  and s o l i d i f y i n g  o n ly  
w i t h  g r e a t  d i f f i c u l t y  to  a  w h i t e  s o l i d  m e l t i n g  a t  8 5 ° .  
A n a l y s i s  gave t h e  f o l l o w i n g  r e s u l t s ;
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0*1642 gms. o f  t e r p e n s  gave 0*5221 gms. 00^ ,
and 0 ‘1938 gms. i . e .  Q = 66 ' 74 , f c  and H = lS -2 2 f ; .
0*1722 gms. o f  t e r p e n e  gave 0*5475 gms. OO2 ,
and 0*2036 gms. H2O. i . e .  0 * 86 .71#  and H = 13*24#.
D e t e r m i n a t i o n  o f  t h e  m o l e c u l a r  w e ig h t  i n  benzene  by t h e  
c r y o s c o p i c  method gave t h e  v a lu e  136*8 .  These c o r r e s ­
pond w i t h  t h e  fo rm u la  which  r e q u i r e s  0 - 86*87#,
H = 13*13#,  and M = 138 .
T e s t i n g  w i th  bromine p roved  t h i s  s u b s ta n c e  to
be s a t u r a t e d .  No d e r i v a t i v e  o f  t h i s  compound can  be
found i n  t h e  l i t e r a t u r e  to  c o n f i rm  i t s  d e n s i t y  w i t h  d i -
hydrocam phene , b u t  th e  d a t a  g iv e n  above c o r r e s p o n d s  w i th
t h a t  g iv e n  f o r  t h i s  s u b s ta n c e  by Vavon (C. r . ,  1907, 1 ^ 9 ,
997) and by  H enderson  and P o l l o c k  { J . G . 3 . ,  1910, T . ,  1620)
and i t  may t h e r e f o r e  be presumed to  have th e  fo rm u la  





i f  we assume Wagner* s fo rm u la  f o r  oamphene, namely th e




GHz------ CH-------C. ( CHj)
The h i g h e r  f r a c t i o n  on r e p e a t e d  f r a c t i o n a t i o n  
i n  vac n o , s e p a r a t e d  i n t o  two f r a c t i o n s ,  t h e  lo w er  one 
b o i l i n g  a t  158° under  ^ mm., and th e  h i g h e r  one a
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g e l a t i n o a s  mass b o i l i n g  a t  240° - §70° a t  the  same 
p r e s s u r e .
The low er  b o i l i n g  l i q u i d  i s  c o l o u r l e s s  and 
v i s c o u s  and gave t h e  f o l l o w i n g  a n a l y s i s ;
0*1655 gms. o f  l i q u i d  gave 0*5352 gms. OO2 , 
and 0*1766 gms. HgO. i . e .  0 = 88*2#, and H = 11*81#.
0*17 52 gms. o f  l i q u i d  gave 0*5667 gms. OO2 , 
and 0*1848 gms. i . e .  0 = 88*21# and H « 11*81#.
M o le c u la r  w e ig h t  d e t e r m i n a t i o n  by th e  c r y o ­
sc o p ic  method i n  benzene gave M r  268*7.  These d a t a  
c o r r e s p o n d  to  th e  fo rm u la  C H which  r e q u i r e s20 32
C -  S B ’ Z A f ,  H = 11*76tÎ, and 2! = 272.
T h is  compound can n o t  be  t r a c e d  i n  th e  l i t e r a ­
t u r e  e i t h e r ,  b u t  i s  s u s p e c t e d  to  be a d i b o r n y le n e  ( o f  
d im enthene)  though  i t  i s  a l s o  p o s s i b l e  t h a t  oamphene 
m ig h t  form such a compound i f  Wagner’ s fo rm u la  f o r  cam- 
phene i s  a c c e p t e d .  The s t r u c t u r e s  o f  t h e  d i t e r p e n e s  
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CHg CH,
Dicamptiene
I t  seems l i k e l y  t h a t  t h e  f o u r  memhered r i n g  
i n  dioamphene which c o n t a i n s  two m ethy lene  g roups  would,  
on In g o ld * s  m o d i f i c a t i o n  o f  B a e y e r ’ s S t r a i n  Theory,  be 
l e s s  s t a b l e  t h a n  th e  one i n  d i b o r n y le n e  where th e  c a rb o n  
atoms have  o n l y  one hydrogen  atom a t t a c h e d .  On th e
o t h e r  hand, however,  t h e  dicamphene f o u r  membered r i n g  
c o n t a i n s  two q u a t e r n a r y  ca rb o n  atoms which might  s t a b i l ­
i s e  i t ,  bu t  t h e  whole s t r u c t u r e  seems l e s s  sym m etr ica l  
and b a la n c e d  t h a n  t h a t  o f  th e  d ib o r n y le n e  complex.  N e i t h e r  
o f  them, however,  c o n t a i n  such a s t a b l e  g ro u p in g  as t h a t  
found i n  d imenthene  where t h e  f o u r  membered r i n g  c o n t a i n s  
two q u a t e r n a r y  ca rb o n  atoms and no m e th y len e  g r o u p s .
The main r e a s o n  f o r  naming th e  s u b s ta n c e  d i ­
b o r n y l e n e  i s ,  however,  th e  f a c t  t h a t  T s c h u g a e f f  by d i s ­
t i l l i n g  b o r n y l  m ethy l  x a n th o g e n a te  i n  vacuo o b t a i n e d  borny-  
l e n e  and a  l i t t l e  oamphene, w h i le  i n  the  d e c o m p o s i t io n  o f  
t h e s e  e s t e r s  by d i r e c t  d i s t i l l a t i o n ,  as  w i l l  be shown 
p r e s e n t l y  (page  5 6 ) ,  a l i t t l e  oamphene and t h i s  t e r p e n e  
a r e  formed,  no b o rn y le n e  b e in g  o b t a i n e d .  L i t t l e  i s  known
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a b o u t  t h e s e  d i t e r p e n e s .  O x id a t io n  would p r o b a b ly  b r e a k  
i t  up i n t o  monoterpene  d e r i v a t i v e s ,  b u t  as  b o r n y le n e  and 
oamphene a re  so e a s i l y  i n t e r c h a n g e a b l e ,  th e  o b t a i n i n g  o f  
one o f  them would no t  prove  i t s  p r e s e n c e  i n  th e  o r i g i n a l  
m o le c u l e .  I t  had been  hoped to  p r e p a r e  b o r n y le n e  by 
t h e  x a n th o g e n a t e  method, p u r i f y  i t  by th e  method o f  Hen­
d e r s o n  and Caw, and t h e n  a t t e m p t  to  o b t a i n  t h e  di-compound 
from i t ;  no method f o r  t h e  l a t t e r  c o u ld ,  however ,  be ob­
t a i n e d  and t h i s  i d e a  had  t h e r e f o r e  to  be abandoned.
The g e l a t i n o u s  s u b s ta n c e  cou ld  n o t  be p u r i f i e d ,  
and hence  no f u r t h e r  work cou ld  be done on i t .
The s o l i d  does no t  c r y s t a l l i s e  r e a d i l y  from 
any s o l v e n t ,  b u t  i t s  aqueous s o l u t i o n  i s  s t r o n g l y  a c i d .
I t  was t h e r e f o r e  " p u r i f i e d  by b o i l i n g  w i th  an im al  c h a r c o a l ,  
and th e  b a r iu m  s a l t  p r e c i p i t a t e d  w i t h  BaOl^; t h i s  was 
a n a ly s e d  a f t e r  r e c r y s t a l l i s a t i o n  from w a t e r  and gave th e  
f o l l o w i n g :
0*5015 gms. o f  s a l t  gave 0*2037 gms. BaSO^, 
i . e .  Ba = 24*03#.
0*5203 gms. o f  s a l t  gave 0 * 2 1 6 3  gms. Ba3 0 4 ,
I . e .  Ba -
BaCSOjCioH-^^a.HsO r e q u i r e s  Ba = 2 4 -12^ ,  p rov -  
i n g  th e  a c i d  to  be n a p h t h a l e n e - f - s u l p h o n i c  a c i d .
- 26 -
B o rn y l  B e n z e n e s u lp h o n a te .
When b o m y l  benzene  s u lp h o n a te  was s u b j e c t e d  
t o  d e c o m p o s i t io n  i n  the  same manner,  i t  decomposed e q u a l l y  
r e a d i l y  a t  t h e  t e m p e r a t u r e  o f  th e  w a t e r  b a t h ,  g i v i n g  two 
l a y e r s .  The l i q u i d  l a y e r  on d i s t i l l a t i o n  i n  vacuo 
s e p a r a t e d  i n t o  t h r e e  f r a c t i o n s .
The low f r a c t i o n  b o i l e d  a t  157° , and on 
a n a l y s i s  gave t h e  f a l l o w i n g  r e s u l t s ;
0*1588 gms. o f  l i q u i d  gave 0*5054 gms. OOg, 
and 0-1873 gms. H^O. i . e .  0 • 86*78# and H = 1 3 .2 0 # .
0-1638 gms. o f  l i q u i d  gave 0-5215 gms. OO2 , 
and 0*1925 gms. H^O. i . e .  0 - 86*82# and H = 13*20#.
These f i g u r e s  c o r r e s p o n d  to  the  fo rm u la  
p ro v in g  th e  l i q u i d  t o  be the  same as  t h a t  o b t a in e d  i n  t h e  
p r e v i o u s  c a s e ,  namely d ihydrocam phene , which  only  s o l i d i ­
f i e s  w i t h  d i f f i c u l t y .
The m id d le  f r a c t i o n  was a v i s c o u s  l i q u i d  b o i l ­
i n g  a t  1 6 8 °/4 mm., and on a n a l y s i s  gave r e s u l t s  as  b e l o w . .
0*1753 gms. o f  l i q u i d  gave 0*5663 gras. OOg, 
and 0 * 1 8 5 6  gms. H^O. i . e .  0 - 8 8 *1 1 # and ÏÏ = 1 1 *8 4 # ,
0*1674 gras, o f  l i q u i d  gave 0*5612 gms. 00^, 
and 0*1766 gms. H^O. i . e .  G = 88*17# and H = 11*82#.
These f i g u r e s  c o r r e s p o n d  w i th  th e  fo rm ula
*̂2 0 ^ 3 2  iB & io a t in g  t h a t  t h i s  compound a l s o  i s  the  same as 
t h a t  o b t a i n e d  from th e  p r e v io u s  e s t e r .
- 2 9 -
3ome o f  t h e  g e l a t i n o u s  s u b s t a n c e  was a g a i n  
o b t a i n e d  b u t  cou ld  n o t  be f u r t h e r  i n v e s t i g a t e d .
The s o l i d  i n  t h i s  c a se  was d e l i q u e s c e n t ,  d i s ­
s o l v e d  i n  w a t e r  g i v i n g  an a c i d  r e a c t i o n ,  and formed a 
w e l l - d e f i n e d  barium s a l t ,  which  gave t h e  f o l lo w in g  a n a l y s i s  
f o r  bar ium
0*6142 gms. o f  s a l t  gave 0*3989 gms. BaSO^.. 
i . e .  Ba =29*13#.
0*6504 gms. o f  s a l t  gave 0*3222 gms. BaOO^. 
i . e .  Ba = 29*16#.
3a(S0^GgH_)2 r e q u i r e s  Ba = 29*27#, p rov ­
i n g  t h e  a c i d  to  be b e n z e n e su lp h o n ic  a c i d .
B o rn y l  N a p h t h a l e n e - #  - s u l p h o n a t e .
When b o r n y l  n a p h t h a l e n e - a  - s u l p h o n a te  was de­
composed i n  t h e  same way, two l a y e r s  were  a g a i n  formed.
The l i q u i d  l a y e r  on d i s t i l l a t i o n  and a n a l y s i s  was found 
to  c o n s i s t  o f  the  same t h r e e  l i q u i d s ,  namely,  d ihydrocam- 
phene ( B .P .  160° , and 0 = 86*80?i; H = IS- lV y . j ,  d i b o r n y ­
l e n e  (B .P .  168° /4  mm., and C = 88*18JÎ; H = 11*83/!),  and 
a g e l a t i n o u s  mass b o i l i n g  a t  240° - 270° a t  t h e  same 
p r e s s u r e .
The s o l i d  l a y e r  was c h a r a c t e r i s e d  a s  b e f o r e  
by means o f  the  barium s a l t ,  and proved by a n a l y s i s  t o  be 
n a p h t h a l e n e -  a - s u l p h o n i c  a c i d ,  the  f i g u r e s  b e i n g : -
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0*5560 gras, o f  s a l t  gave 0*2284 gms. o f  BaSO^, 
i . e .  Ba =26*18#.
0*6050 gms. o f  s a l t  gave 0*2487 gms. o f  BaSO^, 
i . e .  Ba = 24*20# .
T h e r e fo r e  the  d e c o m p o s i t io n  o f  t h e s e  e s t e r s  by- 
p ro lo n g ed  h e a t i n g  i n  s e a l e d  t u b e s  r e s u l t s  i n  t h e  s p l i t t i n g  
o f f  o f  the  a c i d ,  and t h e  c o m b in a t io n  o f  t h e  r e s i d u e  to  form 
a d i t e r p e n e ,  and a l s o  a sm a l l  q u a n t i t y  o f  what i s  presumab­
l y  a  p o l y t e r p e n e .  Secondary  r e a c t i o n s  a g a i n  t a k e  p l a c e
w i th  t h e  f o rm a t io n  o f  t h e  s a t u r a t e d  t e r p e n e  d ih y d rocam p h en e , 
c a rb o n a c e o u s  m a t t e r ,  and t a r r y  p r o d u c t s .  There i s  t h u s  
a v e ry  c l o s e  s i m i l a r i t y  be tween  t h e s e  two d e c o m p o s i t i o n s ,  
t h e  o n ly  d i f f e r e n c e  b e in g  i n  th e  r e a d y  i n t e r c o n v e r t i b i l i t y  
o f  t h e  b o r n y le n e  and camphene m o le c u l e s .
SËJL PaOOMPOaiTION 04 THB BSTBRS BY BIRBQT DIB- 
TILLATIÛH IN VACUO.
M enthyl  B e n z e n e s u lp h o n a te .
When m enthy l  b e n z e n e s u lp h o n a te  was s u b j e c t e d  
to  r a p i d  d i s t i l l a t i o n  i n  vacuo,  a c l e a r  l i q u i d  d i s t i l l e d  
o v e r  a lm ost  im m e d ia te ly  a f t e r  t h e  s o l i d  had m e l t e d ,  th e  
t e m p e r a t u r e  r e g i s t e r e d  on th e  therm ometer  b e in g  6 8 ° / l 8  mm., 
w h i l e  a  brown s o l i d  remained i n  the  f l a s k  which c h a r r e d  
c o m p le t e ly  on r a i s i n g  th e  t e m p e r a tu r e  much f u r t h e r .
The l i q u i d  d id  n o t  s o l i d i f y  on c o o l i n g ,  b u t  on
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r e d i s t i l l a t i o n  b o i l e d  a t  165° under  o r d i n a r y  c o n d i t i o n s .
17-5
I t  was o p t i c a l l y  a c t i v e  g i v i n g  L^J = 9*5, and on ana-
54-6 I
l y s i s  gave the  fo l lo w in g
0*1600 gms. o f  l i q u i d  gave 0*5092 gras. 00%, 
and 0*1871 gms. HgO. i . e .  0 = 86*80# and H - 13*15#.
0*1474 gms. o f  l i q u i d  gave 0*4692 gms * OO2 , 
and 0*1734 gms. H O .  i . e .  G = 86*82# and H = 13*17#.
D e t e r m in a t io n  o f  th e  m o le c u l a r  w e ig h t  by th e  
c r y o s c o p ic  method i n  benzene  gave M = 138*4.  These d a t a  
c o r r e s p o n d  to  the  fo rm u la  which  r e q u i r e s  0 = 86*67#
and H = 13-13^ and M = 138.
The d e n s i t y  o f  t h i s  l i q u i d  a t  17° was found to  
be  0*8130, and i t s  m o le c u la r  r e f r a c t i v i t y  = 45*72.  C a l ­
c u l a t e d  on + I e th y l e n e  l i n k a g e  t h i s  v a lu e  should
be 45*71.  T h e re fo re  t h i s  compound i s  u n s a t u r a t e d .
T h is  i s  conf i rm ed  by t h e  d e c o l o u r i s a t i o n  o f  bromine w a t e r .  
By t r e a t m e n t  w i th  amyl n i t r i t e  and HCl a w e l l - c r y s t a l l i s e d ,  
g r e e n i s h  w h i t e ,  n i t r o s o c h l o r i d e  i s  o b t a i n e d  m e l t i n g  a t  117° 
The o r i g i n a l  l i q u i d  i s  th u s  the  menthene o b t a i n e d  by 
Z e l i k o f f  ( B a r . ,  1904, 1374) when t e s t i n g  t h e  d e h y d r a t ­
in g  a c t i o n  o f  v a r i o u s  d i b a s i c  a c i d s  such as  t a r t a r i c ,  s u c ­
c i n i c ,  c i t r i c ,  p h t h a l i c ,  and t e r e p h t h a l i c  a c i d s  on menthol  
a t  h ig h  t e m p e r a t u r e s ,  and by T sc h u g ae f f  ( B e r . ,  1899,
3332) by  d i s t i l l i n g  menthyl  methyl  x a n th o g e n a t e  i n  vacuo,  
th e  o n ly  d i f f e r e n c e  b e in g  t h a t  i n  the  p r e s e n t  c a s e  th e
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r o t a t i o n  i s  c o n s i d e r a b l y  lower ,  the  menthene from t h e s e  
l a s t  named s o u r c e s  h av in g  r o t a t i o n  114° - 116*5° . 
T s c h u g a e f f ,  however,  p o i n t s  o u t  t h a t  o t h e r  m ethods o f  
p r e p a r a t i o n  o f  t h i s  compound r e s u l t  i n  th e  f o r m a t io n  o f  
p r o d u c t s  h a v in g  r o t a t i o n  v a r y i n g  from Cf - 6 0 ° .  The 
f o r m u la  o f  t h i s  compound i s :
CH.






The brown s o l i d  was d e l i q u e s c e n t ,  d i s s o l v e d  
i n  w a t e r  g iv in g  th e  s o l u t i o n  a s t r o n g l y  a c i d  r e a c t i o n ,  and 
gave  the  b a r iu m  s a l t  c h a r a c t e r i s t i c  o f  b e n z e n e s u lp h o n ic  
a c i d .  T h is  was co n f i rm ed  by the  a n a l y s i s  o f  t h e  s a l t  
g i v i n g  Ba = 29*15#. I t  was n o t i c e d  t h a t  t h e r e  was a 
sm a l l  q u a n t i t y  o f  th e  v i s c o u s  l i q u i d  e n t r a p p e d  among th e  
s o l i d ,  bu t  t h i s  was n o t  f u r t h e r  i n v e s t i g a t e d  s i n c e  menthene 
was o b v i o u s l y  t h e  main p ro d u c t  o f  the  r e a c t i o n .
Menthyl  N a p h th a l e n e - ^  - s u l p h o n a t e .
On r a p i d  d i s t i l l a t i o n  o f  t h i s  s u b s t a n c e  i n  vacuo, 
a l i q u i d  b o i l i n g  a t  6 8 ° / l 8  mm. d i s t i l l e d  o v e r ,  and a y e l lo w
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s o l i d  r e s i d u e  rem ained  i n  th e  f l a s k .  The l i q u i d  b o i l e d  
a t  165° under  o r d i n a r y  p r e s s u r e ,  showed p r a c t i c a l l y  t h e  
same r o t a t i o n  ( [a ]   ̂  ̂ = 9 ' 4 6 ) and on a n a l y s i s  gave
5 4 6  I
G = 86*78, 86*81,  and H = 13*15 and 13*16;  t h a t  i s ,  v a lu e s  
c o r r e s p o n d i n g  to  th e  fo rm ula  p r o v in g  t h i s  l i q u i d
to  be t h e  same a s  t h a t  o b t a i n e d  from the  b e n z e n e su lp h o n ic  
e s t e r ,  namely, m enthene .
The s o l i d  p ro d u c t  was p roved  i n  the  u s u a l  way 
to  be n a p h t h a l e n e - (3 - su lp h o n ic  a c id ,  t h e  ba r ium  s a l t  b e in g  
c h a r a c t e r i s t i c .
M enthyl  N a p h t h a l e n e - u  - s u l p h o n a t e .
The same p r o d u c t s  were a l s o  o b t a i n e d  by d i s ­
t i l l i n g  t h i s  e s t e r  in  vacuo,  t h i s  b e in g  proved in  th e  u su a l  
way, namely ,  menthene (B .P .  165 , and G = 86*79#, H = 13*18#) 
and n a p h t h a l e n e -  a - s u l p h o n i c  a c id  (Ba s a l t  gave Ba = 24*05#) .
Thus i n  t h e  d e c o m p o s i t io n  o f  t h e s e  e s t e r s  by 
d i r e c t  d i s t i l l a t i o n  t h e  su lp h o n ic  a c id  i s  a g a i n  s p l i t  o f f ,  
and menthene i s  formed as  p r a c t i c a l l y  t h e  o n l y  p r o d u c t ,  t h e r e  
b e i n g  sometimes t r a c e s  o f  t h e  d i t e r p e n e ,  depend ing  on the  
r a p i d i t y  o f  th e  d i s t i l l a t i o n ,  b u t  t h i s  q u a n t i t y  n e v e r  a t  
any t im e  b e in g  l a r g e .
D ecom p o s i t io n  o f  B o rn y l  N aph tha lene -  ^ - s u l p h o n a t e .
When b o rn y l  n a p h t h a l e n e - ç - s u lp h o n a te  was d i s ­
t i l l e d  from an o i l  b a t h  as r a p i d l y  as  p o s s i b l e  under  a
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p r e s s i i r e  o f  18 mm., a c l e a r  l i q u i d  d i s t i l l e d  ove r  a t  a 
t e m p e r a t u r e  o f  60° to 65° . The q u a n t i t y  however  was 
n o t  l a r g e ,  p ro b a b ly  n o t  more t h a n  15 - 20# o f  t h a t  p o s ­
s i b l e .  On r e d i s t i l l i n g  th e  l i q u i d  a t  o r d i n a r y  p r e s ­
s u r e  i t  b o i l e d  a t  155° - 158°G.,  and f i n a l l y  s o l i d i f i e d  
to  a w h i t e  s o l i d  m e l t i n g  a t  51° . When t h i s  was a n a ­
l y s e d  t h e  r e s u l t s  o b t a i n e d  were:
0*1500 gms. o f  t e r p e n e  gave 0*4850 gms. GÔ  ,
and 0*1588 gms.  E ^ O .  i . e .  G = 88*16# and H » 11*85#.
0*1622 gms. o f  t e r p e n e  gave 0*5243 gms. GOg,
and 0*1713 gms. E 0 .  i . e .  G = 88*14# and H = 11*82#.
M o le c u la r  w e ig h t  d e t e r m i n a t i o n  ( c r y o s c o p i c  
i n  benzene)  gave M = 137*0.  These d a t a  c o r r e sp o n d  w i th  
th e  f o r m u la  which r e q u i r e s  G = 88*24#, H = 11 .76#
and M = 136.
T e s t i n g  t h i s  su b s ta n c e  w i th  bromine w a t e r
p roved  i t  to  be u n s a t u r a t e d .  Some o f  t h e  s u b s ta n c e  was 
d i s s o l v e d  i n  e t h e r  and th e  s o l u t i o n  s a t u r a t e d  w i th  d ry  
HGl g a s .  A w h i te  s o l i d  was p r e c i p i t a t e d ,  f i l t e r e d  and 
r e c r y s t a l l i s e d  from a l c o h o l i c  HGl, when i t  m e l t e d  a t  
1 2 5 °  - 127°, and on q u a l i t a t i v e  a n a l y s i s  was found to  
c o n t a i n  c h l o r i n e .  This  subs tanoqwas n o t  s t a b l e ,  b u t  
e v o lv e d  HGl on s t a n d in g  i n  th e  a i r .  Water  a l s o  decom­
posed i t .  These d a ta  c o r re sp o n d  w i t h  t h a t  g iv e n  i n  t h e  
l i t e r a t u r e  f o r  oamphene h y d r o c h l o r i d e  (Ghemische P a b r i k
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a a f  A k t i e n  vorm. ÏÏ. Sober ing ,  1922, A . ,  ( I ) ,  9 4 3 ) ,  p r o v ­
i n g  t h a t  th e  o r i g i n a l  su b s ta n c e  was oamphene i t s e l f ,  o f  







C(GHL;2 - -  - ' — 3 / 2
i f  one a c c e p t s  Wagner’ s fo rm u la  f o r  i t .  Henderson and 
H e i l b r o n  (1911,  T . ,  1899) ,  from work on d e r i v a t i v e s  o f  
oamphene and b o rn y le n e ,  c o n s i d e r  t h a t  b o t h  o f  t h e s e  t e r ­
pene s have  t h e  same r e s i d u e ,  nam ely : -











C =  CH,
The r e s i d u e  i n  t h e  f l a s k  a f t e r  d i s t i l l a t i o n  was 
a l lo w e d  to  co o l  and i t  was found to  s e p a r a t e  i n t o  two l a y e r s ,  
t h e  low er  o f  which s o l i d i f i e d .  This  s e p a r a t i o n  was n o t ,
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however ,  c o m p lé té ,  and to  do t h i s  e f f e c t u a l l y  i t  was found 
n e c e s s a r y  t o  d i s s o l v e  th e  whole i n  warm w a t e r ,  and to  e x ­
t r a c t  w i t h  benzene  o r  t o l u e n e .  The e x t r a c t  was t h e n  
d r i e d  w i t h  GaOl^, and th e  s o l v e n t  removed by  d i s t i l l a t i o n  
u n de r  r edu ced  p r e s s u r e .  The rem a ind e r  was t h e n  d i s t i l l e d  
i n  vacuo and was found  to  c o n s i s t  m a in ly  o f  a v i s c o u s  
l i q u i d  b o i l i n g  a t  1 6 8 ° /4  mm., though t h e r e  was a l s o  p r e s e n t  
some o f  t h e  g e l a t i n o u s  m a t e r i a l  of i n d e f i n i t e  b o i l i n g  p o i n t  
which c o u ld  n o t  be p u r i f i e d .  The q u a n t i t y  o f  t h e  v i s ­
cous  l i q u i d  o b t a i n e d  i n  t h i s  manner was f a r  i n  e x ce ss  o f  t h e  
y i e l d  o f  oamphene.  On a n a l y s i s  t h i s  l i q u i d  gave th e  
f i g u r e s
0*1524 gms. o f  l i q u i d  gave 0*4923 gms. GO^, 
and 0 .1612  gms. H^O. i . e .  G -  88*13# and H = 11*84#.
0*1600 gms. o f  l i q u i d  gave 0*5175 gms. GOg, 
and 0*1691 gms. H^O. i . e .  G = 88 .21# and H = 11*83#, 
c o r r e s p o n d i n g  t o  the  form ula  Gg^E^g* I t  must t h e r e f o r e  ' 
be d i b o r n y l e n e .
The aqueous s o l u t i o n  a f t e r  e x t r a c t i o n  w i th  b e n ­
zene o r  t o l u e n e  was used t o  i s o l a t e  t h e  ba r ium  s a l t  o f  the  
a c i d ,  t h i s  b e in g  c a r r i e d  out  by b o i l i n g  w i t h  an im a l  c h a r ­
c o a l  t o  remove a l l  f o r e i g n  m a t t e r ,  and n e u t r a l i s i n g  w i th  
BaOO as b e f o r e .  The s a l t  gave th e  f o l lo w in g  a n a l y s i s
3
0*5013 gms. o f  s a l t  gave 0*2050 gms. BaSO^
i . e .  Ba - 24*08#.
-37-
0*5162 gms. o f  s a l t  gave 0*2118 gms. Ba30^. 
i . e .  Ba = 24*15#,
p r o v in g  th e  o r i g i n a l  s o l i d  to  be n a p h t h a l e n e - ^  - s u l p h o n i o  
a c i d .
B o rn y l  B e n z e n e s u lp h o n a te .
When b o r n y l  b e n z e n e s u lp h o n a te  was d i s t i l l e d  r a p i d ­
l y  i n  vacuo i n  the  same way as  f o r  the  p r e v i o u s  e s t e r ,  a  
s m a l l  q u a n t i t y  o f  a c l e a r  l i q u i d  d i s t i l l e d  o v e r  a t  6 8 ° under  
18 mm. On p u r i f i c a t i o n  by d i s t i l l a t i o n  i t  b o i l e d  a t  155° 
and s o l i d i f i e d  to  a  w h i t e  s o l i d ,  M.B. 51° .  A n a ly s i s  
gave G = 88*15 and 88*17#, H = 11*77 and 11*80#, showing 
t h a t  t h e  s u b s ta n c e  i s  oamphene.
On c o o l i n g  the  r e s i d u e  i n  the  f l a s k  t h e r e  was 
o n l y  v e ry  p a r t i a l  s e p a r a t i o n  i n t o  two l a y e r s .  S o l u t i o n  
i n  w a t e r  and e x t r a c t i o n  w i th  t o l u e n e ,  however, e f f e c t e d  com­
p l e t e  s e p a r a t i o n .  The r e s i d u e  a f t e r  removal  o f  th e  
t o l u e n e  was m a in ly  the  v i s c o u s  l i q u i d  b o i l i n g  a t  168° / 4  mm., 
though  t h e r e  was,  as  u s u a l ,  some o f  th e  g e l a t i n o u s  m a t e r i a l  
o f  i n d e f i n i t e  b o i l i n g  p o i n t .  A n a ly s i s  o f  t h e  l i q u i d  
gave G = 88*16 and 88.18# and H = 11*80 and 11*79#.
T h is  l i q u i d  i s  t h u s  th e  same d i t e r p e n e  a s  t h a t  a l r e a d y  ob­
t a i n e d  .
The bar ium  s a l t  was i s o l a t e d  from the  aqueous 
s o l u t i o n  i n  t h e  u s u a l  manner and from c r y s t a l l i n e  form and
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a n a l y s i s  o f  barium o o n te n t  (Ba = 29*18#) was i d e n t i f i e d  
as  b a r iu m  b e n z e n e s u lp h o n a te ,  th e  o r i g i n a l  s o l i d  b e in g  ben-  
z e n e s u lp h o n io  a c i d .
B o m y l  N a p h th a le n e - t t  - s u l p h o n a t e .
T h is  e s t e r  was decomposed i n  th e  same manner 
and t h e  p r o d u c t s  i s o l a t e d  a l s o  as  d e s c r i b e d  f o r  t h e  p r e ­
v i o u s  e s t e r s ,  when oamphene (B .P .  155° ,  and 0 = 88*21#,
H = 11*77#) ,  d i b o r n y le n e  (B .P .  1 6 8 ° /4  mm., and 0 = 88*18,
H = 11*80#) ,  g e l a t i n o u s  mass o f  i n d e f i n i t e  b o i l i n g  p o i n t ,  
and n a p h t h a l e n e - a - s u l p h o n i c  a c i d ,  were t h e  p r o d u c t s ,  t h e  
t e r p e n e s  b e in g  formed i n  t h e  same p r o p o r t i o n s  a s  b e f o r e .
Thus i n  the  d e co m p o s i t io n  o f  t h e s e  e s t e r s  th e  
s u l p h o n i c  a c i d  s p l i t s  o f f  as b e f o r e ,  and th e  r e s i d u e s  
m a in ly  combine i n  p a i r s  t o  g iv e  t h e  d i t e r p e n e ,  a sm a l l  p o r ­
t i o n  o f  them, however,  undergo ing  m o le c u la r  t r a n s f o r m a t i o n  
i n t o  camphene. No b o rn y lene  . i s  o b t a i n e d .  This  i s
q u i t e  d i f f e r e n t  from t h e  r e a c t i o n  found by T sc h u g a e f f  i n  
t h e  d i s t i l l a t i o n  o f  th e  b o m y l  z a n t h o g e n a t e s .  I n  t h i s
c a s e  t h e  c h i e f  p ro d u c t  was b o rn y len e  o f  h ig h  r o t a t i o n ,  bu t  
n e v e r t h e l e s s  s l i g h t l y  c o n tam in a ted  w i th  camphene. The 
d e c o m p o s i t io n  o f  t h e  su lph o n ic  e s t e r s  a l s o  d i f f e r s  from 
t h a t  undergone  by t h e  menthyl  su lphon ic  e s t e r s ,  and m en thy l  
m e th y l  x a n th o g e n a t e .  I n  b o th  c a s e s  t h e  main p ro d u c t  i s  
m en th en e .  I n  the  form er  r e a c t i o n  sm al l  q u a n t i t i e s  o f  
d imenthene  were sometimes found ,  bu t  i n  th e  l a t t e r  c a se
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T sc h i ig a e f f  makes no mention o f  f i n d i n g  t h i s  compound, 
b u t  o n ly  o f  menthene o f  h ig h  r o t a t i o n .
DEGOMPOSITION Qj)' THE 1I3TBBS I I  SOLUTION.
Menthyl  B e n ze n e s u lp h o n a te .
When menthyl  b e n z e n e su lp h o n a te  was h e a t e d  to  
b o i l i n g  i n  benzene s o l u t i o n  (c = 1 0 ) under  r e f l u x  co n ­
d e n s e r  f o r  s i x  h o u r s ,  and t h e  r o t a t i o n  o f  th e  s o l u t i o n  
examined b e f o r e  and a f t e r  h e a t i n g ,  t h e r e  was found to be 
a  v e r y  s l i g h t  d e c r e a s e  i n  r o t a t i o n ,  b u t  f u r t h e r  h e a t i n g  
d id  n o t  c a u se  any f u r t h e r  change i n  the  r o t a t i o n ,  n o r  i n  
t h e  c o l o u r  o f  t h e  s o l u t i o n ,  t h e  l a t t e r  r em a in in g  c o l o u r ­
l e s s .  D ecom posi t ion  c an n o t  t h e r e f o r e  be e f f e c t e d  in  
t h i s  s o l v e n t .
When, however , t o lu e n e  was s u b s t i t u t e d  f o r  b e n ­
zene  and t h e  s o l u t i o n  h e a t e d  to 1 1 0 ° on an o i l  b a t h ,  d e ­
c o m p o s i t i o n  was complete  i n  s i x  h o u r s ,  and on c o o l i n g  a 
b ro w n ish  s o l i d  s e p a r a t e d  o u t .  This  was p roved  by t h e  
u s u a l  means t o  be benzen esu lp h o n ic  a c i d .  The t o lu e n e  
s o l u t i o n  had now a s l i g h t  p o s i t i v e  r o t a t i o n .  I t  was 
t h o r o u g h l y  washed w i t h  sodium c a r b o n a t e  s o l u t i o n  to  remove 
th e  l a s t  t r a c e s  o f  th e  a c i d ,  d r i e d  w i th  GaOlg , and d i s ­
t i l l e d .  The l i q u i d  which remained a f t e r  removal  o f  t h e  
t o l u e n e  d i s t i l l e d  under o r d i n a r y  and red uced  p r e s s u r e  and 
h a d  b o i l i n g  p o i n t  1 74° /4  mm. I t  was t h u s  se en  to  be
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d i  menthe n e , and a n a l y s i s  conf i rm ed  t h i s  ( 0  = 86*81, and 
H - .
M enthyl  N a p h t h a l e n e - 8 - s u l p h o n a t e .
When m enthyl  n a p h t h a l e n e - ^  - s u l p h o n a t e  was 
h e a t e d  i n  x y le n e  s o l u t i o n  to  1 2 0 ° f o r  two t o  t h r e e  h o u r s  
d e c o m p o s i t io n  was a g a in  com p le te ,  and a s o l i d  s e p a r a t e d  
on c o o l i n g .  T h is  may be i d e n t i f i e d  i n  t h e  u s u a l  way
as  the  s u lp h o n ic  a c i d .  D i s t i l l a t i o n  o f  th e  x y le n e  s o l ­
u t i o n  a f t e r  washing  w i t h  sodium c a r b o n a t e  s o l u t i o n ,  and 
d r y i n g  gave  a s  r e s i d u e ,  a f t e r  removal  o f  t h e  s o l v e n t ,  d i ­
m enthene ,  b o i l i n g  a t  1 7 4 ° /4  mm.
H e a t in g  o f  t h i s  e s t e r  i n  n i t r o b e n z e n e  s o l u t i o n  
a t  1 0 0  f o r  abou t  the  same t ime caused  th e  s o l u t i o n  to  
d a rk e n  and on c o o l i n g  a s o l i d  a g a in  s e p a r a t e d ,  which co u ld  
be made to  c r y s t a l l i s e  from ch lo ro fo rm ,  when i t  m e l t e d  a t  
80*,  b u t  was much more e a s i l y  i d e n t i f i e d  by means o f  i t s  
ba r ium  s a l t .  No a t t e m p t  was made to i s o l a t e  the  l i q u i d
from t h i s  s o l u t i o n ,  i t  b e in g  a lm o s t  c e r t a i n  t h a t  i t  would 
be d im e n th e n e .
Menthyl  N a p h th a len e -  æ - s u l p h o n a t e .
The d eco m p o s i t io n  o f  t h i s  e s t e r  to o k  p l a c e  
e q u a l l y  r e a d i l y  i n  x y len e  s o l u t i o n  a t  th e  same t e m p e r a t u r e ,  
w i t h  t h e  fo r m a t io n  o f  dimenthene and n a p h t h a l e n e - a  - s u l -  
phonio  a c i d .
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Thus deco m po s i t io n  o f  t h e  m en thy l  s u lp h o n ic  
e s t e r s  i n  s o l u t i o n  r e s u l t s  i n  t h e  f o r m a t io n  o f  d im enthene  
o n ly ,  - t h e r e  b e in g  no t r a c e  o f  the  low b o i l i n g  m e n th e n e , - 
t h e  o t h e r  p r o d u c t  b e in g  t h e  c o r r e s p o n d in g  su lp h o n ic  a c i d .
D ecom p o s i t io n  o f  Bornyl  N a p h th a l e n e - ^  - s u l p h o n a t e  i n  S o l u t i o n
When b o m y l  n a p h t h a l e n e - ^  - s u l p h o n a t e  was h e a t e d  
i n  1 0 # benzene s o l u t i o n  f o r  s i x  hours  on th e  w a t e r  b a t h ,  
t h e r e  was no change i n  t h e  r o t a t i o n  o f  t h e  s o l u t i o n ,  t h a t  i s ,  
no d e c o m p o s i t io n  took  p l a c e .  When, however ,  t o l u e n e  was 
u sed  a s  the  s o l v e n t ,  and th e  s o l u t i o n  h e a t e d  t o  1 1 0 ° decom­
p o s i t i o n  was com ple te  i n  o n e - a n d - a - h a l f  to  two h o u r s ,  th e  
s o l u t i o n  b e i n g  now v e ry  dark  i n  c o l o u r .  On c o o l i n g  a 
s o l i d  s e p a r a t e d  o u t .  T h is  was a c i d  and gave a c h a r a c t e r ­
i s t i c  ba r ium  s a l t  which proved,  on a n a l y s i s ,  to  be  bar ium  
n a p h t h a l e n e - ^  - s u l p h o n a te  (Ba = 24*09#J.
The f i l t r a t e  was washed w i t h  NagOO^ s o l u t i o n  
t i l l  the  l a s t  t r a c e s  o f  a c id  had been  removed, d r i e d  w i th  
CaCl2 , and the  s o l v e n t  removed on th e  w a te r  b a t h  un de r  r e ­
duced p r e s s u r e .  The r e s i d u e  d i s t i l l e d  a t  168° u n d e r  4 mm. 
p r e s s u r e ,  o r  a t  285° - 290° under o r d i n a r y  p r e s s u r e  w i t h o u t  
d e c o m p o s i t io n  t a k i n g  p l a c e ,  and on a n a l y s i s  gave G = 88*19# 
and H = 11*80#, p ro v in g  t h i s  l i q u i d  to  be i d e n t i c a l  w i th  
the  h i g h  b o i l i n g  l i q u i d  presumed to  be d i b o r n y l e n e .
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B o rn y l  B e n z e n e s u lp h o n a te .
T h is  e s t e r  decomposed c o m p le t e ly  i n  benzene  
s o l u t i o n ,  t h e  o n ly  p r o d u c t s  o f  t h e  r e a c t i o n  b e i n g  d i ­
b o r n y l e n e  and benzene su lp h o n ic  a c i d .  D ecom pos i t ion  
a l s o  to o k  p l a c e  e x c e e d in g ly  r e a d i l y  i n  t o l u e n e  s o l u t i o n  
w i t h  th e  same r e s u l t .
B o m y l  N a p h t h a l e n e - g - s u l p h o n a t e .
When the  decom pos i t ion  o f  t h i s  e s t e r  was i n v e s t i ­
g a t e d  i n  t h e  manner a l r e a d y  d e s c r i b e d ,  u s in g  t o l u e n e  as  
s o l v e n t ,  t h e  same d i t e r p e n e ,  namely , d i b o r n y le n e ,  was ob­
t a i n e d  a long  w i t h  n a p h th a le n e -  a - s u l p h o n i c  a c i d .
Thus the  d e c o m p o s i t io n  o f  the  b o r n y l  e s t e r s  i n  
s o l u t i o n  r e s u l t s  i n  th e  fo r m a t io n  o f  o n ly  d i b o r n y le n e ,  w i th  
no t r a c e  o f  t h e  m ono te rpenes ,  b o rn y len e  o r  camphene, a lo ng  
w i t h  t h e  su lp h o n ic  a c i d .  T h e re fo re  w i th  t h i s  method o f  
d e c o m p o s i t io n  b o th  th e  m enthyl  and the  b o r n y l  e s t e r s  show 
a n a lo g o u s  b e h a v i o u r .
N o t i c i n g  t h a t  benzene would n o t  decompose m enthy l  
b e n z e n e s u lp h o n a te  o r  b o m y l  n a p h t h a l e n e - ^ - s u l p h o n a t e ,  bu t  
t h a t  t o l u e n e  a t  1 1 0 ° caused  comple te  d e c o m p o s i t io n  i n  b o th  
o a s e s ,  t h e  q u e s t i o n  a ro s e  as to  w h e th e r  t h i s  was p u r e l y  a 
t e m p e r a t u r e  e f f e c t  o r  whether  the  s o l v e n t  i t s e l f  had some 
e f f e c t .  The l a t t e r  seemed p o s s i b l e  from th e  o b s e r v a t i o n  
t h a t  n i t r o b e n z e n e  decomposed menthyl  n a p h t h a l e n e - ^  - s u l p h o n ­
a t e  a t  1 0 0 ° ,  w h i le  x y le n e  r e q u i r e d  a t e m p e r a t u r e  o f  1 2 0 ° to
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e f f e o t  the  same r e s u l t .  I t  was t h e r e f o r e  t h o u g h t  o f  
i n t e r e s t  to  i n v e s t i g a t e  t h i s  q u a n t i t a t i v e l y  f o r  s e v e r a l  
d i f f e r e n t  s o l v e n t s .
EFNBCT 01' SOLVENTS ON THE TBMiPERATUEE Oji\  AND AMOUNT 
Oy DECOMPOSITION OP THE ESTERS.
Two methods were  a v a i l a b l e  f o r  t h i s  p u r p o s e .  
S e e in g  t h a t  t h e  e s t e r s  a r e  o p t i c a l l y  a c t i v e  and th e  p r o ­
d u c t s  o f  d e c o m p o s i t io n  a lm os t  c o m p le t e ly  i n a c t i v e ,  i t  
sh o u ld  be  p o s s i b l e ,  by p l a c i n g  a tu b e  c o n t a i n i n g  a s o l u ­
t i o n  o f  known c o n c e n t r a t i o n  i n  a t h e r m o s t a t  on th e  p o l a r -  
i m e t e r ,  and n o t i n g  th e  change o f  r o t a t i o n  a t  g iv e n  i n t e r ­
v a l s  o f  t im e ,  to  d e te rm in e  t h e  r a t e  o f  r e a c t i o n  i n  th e  g iv e n  
s o l v e n t  a t  the  g iv e n  t e m p e r a t u r e .  Also s e e in g  one o f  t h e  
p r o d u c t s  o f  d eco m p o s i t io n  i s  an a c i d ,  th e  p e r c e n t a g e  decom­
p o s i t i o n  i n  a g iv e n  t ime co u ld  be d e te rm in e d  by making up 
a s o l u t i o n  o f  th e  e s t e r  i n  th e  s o l v e n t ,  t h e  c o n c e n t r a t i o n  
o f  w hich  i s  known, h e a t i n g  the  s o l u t i o n  f o r  a f i x e d  t ime i n  
a t h e r m o s t a t ,  c o o l in g  i t  and t i t r a t i n g  t h e  a c i d  formed w i th  
a l k a l i .  S ince  th e  s o l u t i o n s  i n  t h e  h y d ro c a rb o n s  d i s ­
c o l o u r  d u r in g  the  d e co m p o s i t io n ,  the  l a t t e r  method was c h o s ­
en, f o r  i t  m ight  be d i f f i c u l t  to  o b t a i n  many r e a d i n g s  on 
t h e  p o l a r i m e t e r  b e f o r e  th e  s o l u t i o n  became too  c lou d y  to  
r e a d .  I n  t i t r a t i o n  th e  d i s c o l o u r a t i o n  c o u ld  be reduced
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by th e  u se  o f  a s u i t a b l e  d i l u e n t .  The a c t u a l  method 
used was to  weigh ou t  e x a c t l y  0 * 8  gm. o f  e s t e r  i n t o  a 
10 CO.  g r a d u a t e d  f l a s k  and make up 10 c c . s o l u t i o n  w i t h  
th e  f r e s h l y  d i s t i l l e d ,  p u re  s o l v e n t .  The f l a s k  i n  
which th e  r e a c t i o n  was to t a k e  p l a c e  was p la c e d  i n  th e  
t h e r m o s t a t ,  which had been  c a r e f u l l y  r e g u l a t e d  to  t h e  r e ­
q u i r e d  t e m p e r a t u r e ,  and a l lo w ed  to a c q u i r e  t h a t  t e m p e ra ­
t u r e  b e f o r e  t h e  s o l u t i o n  was poured  i n .  This  was done 
i n  o r d e r  to e n a b le  th e  s o l u t i o n  i t s e l f  to  a t t a i n  th e  r e ­
a c t i o n  t e m p e r a t u r e  as  q u i c k l y  as p o s s i b l e  a f t e r  i t  was 
p l a c e d  i n  t h e  f l a s k  as  the  d u r a t i o n  o f  t h e  h e a t i n g  had to  
be t im ed  from t h e  p o u r in g  o f  t h e  s o l u t i o n  i n t o  t h e  r e ­
a c t i o n  f l a s k .  A f t e r  h e a r i n g  t h e  s o l u t i o n  f o r  one h o u r ,  
i t  was w ithdraw n,  c o o le d  as  r a p i d l y  a s  p o s s i b l e ,  and d i ­
l u t e d  w i th  2 0  c c .  o f  a b s o l u t e  a l c o h o l  which had been d i s ­
t i l l e d  over  q u ick l im e  to  remove any t r a c e s  o f  a c i d  t h a t  
migh t  be p r e s e n t .  I t  was t h e n  t i t r a t e d  w i t h  a l c o h o l i c  
HOH which  had been  c a r e f u l l y  s t a n d a r d i s e d  w i t h  pure  
p o ta s s iu m  b i t a r t r a t e ,  u s in g  p h e n o l p h t h a l e i n  a s  i n d i c a t o r .  
A lc o h o l i c  KOH was chosen  i n  p r e f e r e n c e  t o  b a r y t a  i n  s p i t e  
o f  th e  f a c t  t h a t  t h e  l a t t e r  i s  u s u a l l y  recommended f o r  th e  
t i t r a t i o n  o f  o rg a n ic  a c i d s  b e c a u se  ba r ium  h y d r o x id e  i s  n o t  
s o l u b l e  i n  a l c o h o l ,  and one would t h e r e f o r e  be i n v o lv e d  
w i t h  p a r t i t i o n  c o e f f i c i e n t s  d u r in g  th e  t i t r a t i o n .  Also 
the  s u lp h o n ic  a c i d s  a re  s u f f i c i e n t l y  s t r o n g  a c i d s  to  e n a b le
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one to  g e t  a  c l e a r ,  sh a rp ,  end p o i n t ,  v / i t h o a t  t h i s  b e i n g  
m ar re d  by t h e  h y d r o l y s i s  o f  t h e  p o ta s s iu m  s a l t ,  p a r t i ­
c u l a r l y  when o n ly  m inu te  t r a c e s  o f  w a t e r  would be p r e s e n t .  
To r ed u c e  t h e  e r r o r  o f  t h e  e x p e r im e n t ,  a b u r e t t e  w i th  a 
v e r y  f i n e  bo re  v/as u se d ,  and b l a n k  e x p e r im e n ts  c a r r i e d  ou t  
in  a l l  c a s e s  so t h a t  any s l i g h t  c o r r e c t i o n  c o u ld  be made 
on th e  a c t u a l  r e a d i n g s  o b t a i n e d .  The r e l i a b i l i t y  o f  
th e  method was proved  by c a r r y i n g  o u t  th e  e x p e r im e n t s  i n  
d u p l i c a t e  i n  s e v e r a l  c a s e s .  T h e r e a f t e r  i t  v/as deemed 
u n n e c e s s a r y  t o  do t h a t  i n  e v e ry  c a s e .  T’o r  t h e  f i r s t  
i n v e s t i g a t i o n  i t  was d e c id e d  to  t e s t  the  e f f e c t  o f  a h y d r o ­
c a r b o n ,  a n i t rocom pound ,  an amine,  an a l c o h o l ,  and a h a l o ­
gen compound a t  the  t e m p e r a t u r e s  9Cf, 9 5̂  , 100° , and 105® , 
t h e  s o l v e n t s  chosen  b e in g  t o l u e n e ,  n i t r o b e n z e n e ,  p y r i d i n e ,  
n - b u t y l  a l c o h o l  and e t h y l e n e  d ib r o m id e .  I t  was,  however,  
n o t i c e d  t h a t  the  e f f e c t  o f  t h e  a l c o h o l  was more marked t h a n  
t h a t  o f  th e  o t h e r  s o l v e n t s  so the  i n v e s t i g a t i o n  was e x t e n d ­
ed to  i n c l u d e  n - p r o p y l  a l c o h o l ,  and i s o - b u t y l  a l c o h o l .
The fo rm er  c o u ld ,  however,  on ly  be i n v e s t i g a t e d  f o r  two 
t e m p e r a t u r e s ,  namely,  90^, and 95° ,  i t s  b o i l i n g  p o i n t  b e in g  
9 8 ° .  I f  t h e  e f f e c t  o f  t h i s  s o l v e n t  were to  be i n v e s t i ­
g a te d  a t  100° and 105° i n  s e a l e d  t u b e s ,  t h e r e  would be a 
change of  c o n d i t i o n s  ( t h e  p r e s s u r e  would be g r e a t e r  t h a n  
a tm o s p h e r ic j  and th e  r e s u l t s  o b t a in e d  would n o t  be com­
p a r a b l e  .
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I t  may be remarked i n  p a s s i n g  t h a t  t h e  r e s u l t s  
o b t a i n e d  f o r  e th y l e n e  d ib rom id e  a re  n o t  q u i t e  so a c c u r a t e  
as  t h o s e  f o r  th e  o t h e r  s o l v e n t s  owing to  th e  end p o i n t  
b e in g  s l i g h t l y  b l u r r e d ,  t h i s  b e in g  caused  by th e  t en d e n cy  
o f  a l c o h o l i c  kOH to  r e a c t  w i t h  th e  s o l v e n t  i t s e l f  i f  l e f t  
l o n g  i n  c o n t a c t  w i t h  i t .  I n  t h e  t a b l e s  th e  r e s u l t s  a r e  
g iv e n  as  p e r c e n t a g e  o f  d e c o m p o s i t i o n .  Table  I  g i v e s  
t h e  r e s u l t s  o b t a i n e d  f o r  pure  m en thy l  b e n z e n e s u lp h o n a te  
w i t h  t h e s e  s o l v e n t s .
TABLE I .
Menthyl  B e n z e n e s u lp h o n a te .
P e r c e n t a g e  o f  e s t e r  decomposed i n  one h o u r .
Temp. Toluene L i t r e -  E th y le n e  P y r i -  'L - P r o p y l  B u ty l  I s o b u t y l  
benzene  Dibrom- d in e  A lcoho l  A lc oh o l  A lc o h o l ,  
i d e
85 0*98 E ‘37 - 2*37 16*^2 10*85 9*89
■ I !
90 1*04 2*75 2"48 3 -19  , 25*74 | 17*27 , 16*20
! I
95  ̂ 1*06 5*88 2*67 4*72 38-39  28*15 27*17
100 2*23 12*87 ' 4*20 9*80 - A5*1A A3.12
I
105 2*37 82*15 9*18 14*08 - 60*23 ' 54*44
' !
On ex am in a t io n  o f  t h i s  t a b l e  i t  w i l l  be seen  
t h a t  t h e r e  i s  v e r y  c o n s i d e r a b l e  v a r i a t i o n  i n  t h e  e f f e c t  
o f  d i f f e r e n t  s o l v e n t s  a t  the  same t e m p e r a t u r e ,  and a l s o
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i n  the  e f f e c t  o f  d i f f e r e n t  t e m p e r a t u r e s  on d e c o m p o s i t io n  
i n  th e  same s o l v e n t .  Por  example ,  a t  95° the  p e r c e n t a g e  
d e c o m p o s i t io n  i n  t o l u e n e  s o l u t i o n  i n  one h o u r  i s  1*06, i n  
n i t r o b e n z e n e  s o l u t i o n  5*68, and i n  a l c o h o l i c  s o l u t i o n s  
27 to  38. At 105° however, d e c o m p o s i t i o n  i s  g r e a t e s t  
i n  n i t r o b e n z e n e  s o l u t i o n  (.82), w i th  th e  a l c o h o l s  n e x t  
and on ly  2*3^ i n  t o l u e n e .  I t  may be  remarked i n  p a s s ­
i n g ,  however ,  t h a t  p ro lo n g e d  h e a t i n g  a t  100° - 105° does  
e f f e c t  com ple te  d e c o m p o s i t i o n  i n  t o l u e n e  s o l u t i o n .  With 
r e g a r d  to  the  e f f e c t  o f  t e m p e r a t u r e  on d e c o m p o s i t io n  i n  
t h e  same s o l v e n t  v/e f i n d  t h a t  t h e r e  i s  h a r d l y  any change 
i n  t h e  amount o f  d e c o m p o s i t io n  i n  to l i i e n e  s o l u t i o n ,  b u t  
t h a t  i t  r i s e s  i n  n i t r o b e n z e n e  s o l u t i o n  from 2-37 to  82*15, 
t h e r e  b e in g  a v e ry  sudden r i s e  be tween 100° and 1 0 5 ° .  The 
most marked s o l v e n t  e f f e c t  i s  found  i n  t h e  c a s e  o f  t h e  a l ­
c o h o l s ,  t h e s e  c a u s in g  c o n s i d e r a b l e  d e c o m p o s i t i o n  even a t  
85° when the  o t h e r  s o l v e n t s  e x e r t  v e ry  s l i g h t  a c t i o n .
T h is  a c t i o n  seems to  be p r o p o r t i o n a l  to  th e  amount o f  OH 
group i n  the  a l c o h o l ,  t h a t  i s ,  p r o p y l  a l c o h o l ,  t h e  low er  
homologue o f  th e  two used h a s  a much g r e a t e r  e f f e c t  th an  
n - b u t y l  a l c o h o l .  I t  may a l s o  be n o t i c e d  t h a t  i s o b u t y l  
a l c o h o l  h a s  a s m a l l e r  e f f e c t  t h a n  the  norm al  o n e .  S ince  
t h e r e  i s  th e  same p e r c e n t a g e  o f  OH group i n  b o t h  t h e s e ,  
t h e  d i f f e r e n c e  must  be due to t h e  b ra n c h e d  c h a i n .  To 
see w he th e r  t h i s  r e l a t i o n  was t r u e  th ro u g h o u t  t h e  lo w er
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a l c o h o l s ,  t h e  d a t a  on Table  I I  v/as o b t a i n e d  u s in g  m e thy l  
e t h y l ,  n - p r o p y l ,  and n - b u t y l  a l c o h o l s .
TABLE I I .
M enthyl  B e n z e n e s u lp h o n a te .
P e r c e n t a g e  e s t e r  decomposed i n  one h o u r .
Tem pera ture Methyl
A lcoho l
E th y l
A lcoho l
P ro p y l
A lcoho l
B u ty l  
A l c o h o l .
65 8-95 3"75 - -
70 - 5*13 3*17 -
75 - 8*73 5*88 4*10
80 10*70 6*77
I t  was th u s  found t h a t  a t  any g iv e n  t e m p e r a t u r e  
t h e  low er  homologue i n  t h e  a l c o h o l  s e r i e s  h a s  th e  g r e a t e r  
e f f e c t  on t h e  d e c o m p o s i t i o n .  This  l e a d s  to  th e  n a t u r a l  
c o n c l u s i o n  t h a t  i f  t h e  e s t e r s  were s o l u b l e  i n  w a t e r  t h i s  
s o l v e n t  would have t h e  g r e a t e s t  e f f e c t  o f  a l l .  T h i s ,  how^ 
e v e r ,  cannot  be proved even by th e  a d d i t i o n  o f  some w a t e r  
t o  an a l c o h o l i c  s o l u t i o n ,  a s  q u i t e  sm a l l  p e r c e n t a g e s  o f  
w a t e r  c a u se  th e  e s t e r  to  p r e c i p i t a t e  c o m p l e t e l y .  A nother  
i n t e r e s t i n g  p o i n t  i s ,  t h a t  w h i le  d e c o m p o s i t io n  i n  most  o f  
th e  s o l v e n t s  p r a c t i c a l l y  c e a s e s  below 85° ,  i t  c o n t i n u e s  to 
t a k e  p l a c e  a t  low er  t e m p e r a t u r e s ,  i n  t h e  a l c o h o l s , t h e  tem­
p e r a t u r e  becoming low er  as  t h e  p e r c e n t a g e  o f  h y d ro x y l  group
“ 4-8—
i n  th e  a l c o h o l  i n c r e a s e s  t i l l ,  w i t h  m e thy l  a l c o h o l  a t  
65°,  t h e r e  i s  more d e c o m p o s i t i o n  t a k i n g  p l a c e  t h a n  w i th  
t h e  n o n - a l c o h o l i c  s o l v e n t s  a t  95 ° .
The same e x p e r im e n t s  were  c a r r i e d  ou t  w i t h  
b o r n y l  n a p h t h a l e n e - (3- s u l p h o n a t e  and the  r e s u l t s  embodied 
i n  T a b le s  I I I  and IV.
TABLE I I I .
B o rn y l  L a p h t h a l e n e - (3- s u l p h o n a t e  .
P e r c e n t a g e  o f  e s t e r  decomposed i n  one h o u r .
Temp. Toluene L i t r o -  E th y le n e  ' P y r i d -  I s o b u t y l  ' B u ty l  L -P ro p y l
benzene  Dibromide i n e  A lcoh o l  A lco h o l  A l c o h o l ,
! 90 0 6*41 4*39 5*21 17*16 20*90 26*35
 ̂ 95 0 7*33 6*30 6*36 27*82 31 .61  42*03
100 1*05 71*53 22*90 7*57 39 .79  43*92
105 1*06 64*73 71*54 11*83 58*27 67*50
h r . )
lABLa 17 .
Borny l  L a p h th a l e n e -  (3 - s u l p h o n a t e  
P e r c e n t a g e  o f  e s t e r  decomposed i n  one h o u r .
Tem pera tu re  Methyl 1 E th y l  P r o p y l  B u ty l
A lcoho l  A lcoho l  A lcoho l  A lc o h o l .
65 8*18 3*19
70 - I 6*4/ 4*01 3*12
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TABLE 17 .  (C o n td . )
T em pera tu re  Methyl  E t h y l  P r o p y l  B u t y l
A looho l  A lc o h o l  A lcohol  A lc o h o l .
75 - 9 "78 7-12 5*31
80 - - 10*58 7*51
85 - - 15-31 1 2 .6 5
Again  i t  w i l l  be  n o t i c e d  t h a t  t h e  same r e ­
l a t i o n  h o l d s  w i t h  r e g a r d  to  t h e  e f f e c t  o f  t h e  v a r i o u s  
a l c o h o l s .  The main d i f f e r e n c e  i n  t h e  e f f e c t  o f  the  s o l ­
v e n t s  on t h e s e  two e s t e r s  i s  to  be found  i n  t h e  a c t i o n  o f  
n i t r o b e n z e n e  and e t h y l e n e  d ib r o m id e .  The f o rm e r  c a u s e s  
o n ly  a m od era te  p e r c e n t a g e  o f  d e c o m p o s i t io n  w i t h  m en th y l  
b e n z e n e s u lp h o n a te  a t  100° ,  b u t  71 w i t h  b o r n y l  n a p h th a l e n e -  
(3 - s u l p h o n a t e ,  a l t h o u g h  a t  105° th e  p e r c e n t a g e  i s  h i g h  i n  
b o th  c a s e s .  E th y le n e  d ib ro m id e ,  on th e  o t h e r  hand ,  has  
a v e ry  m odera te  e f f e c t  a t  a l l  t e m p e r a t u r e s  on th e  m enthyl  
e s t e r ,  9^ b e in g  t h e  g r e a t e s t  amount o f  d e c o m p o s i t io n  i n  t h i s  
s o l v e n t ,  w hereas  i n  t h e  c ase  o f  t h e  b o r n y l  e s t e r  t h e  p e r ­
c e n t a g e  r i s e s  to  7 1 . .  With th e  o t h e r  s o l v e n t s  t h e  amounts 
o f  d e c o m p o s i t io n  o f  th e  two e s t e r s  a r e  v e ry  s i m i l a r ,  some­
t im e s  t h e  one and sometimes t h e  o t h e r  e s t e r  g i v i n g  slightly  
g r e a t e r  v a l u e s  f o r  t h e  same s o l v e n t .  I t  i s  i n t e r e s t i n g j t o  
n o t e ,  however,  t h a t  no d e c o m p o s i t io n  o f  th e  b o r n y l  e s t e r  
t a k e s  p lace  i n  one h o u r  i n  t o l u e n e  s o l u t i o n  a t  90° and 9 5 ° ,
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and o n ly  1 $  even a t  105° ,  a l t h o u g h ,  a s  i n  the  c a s e  o f  th e  
m en th y l  e s t e r ,  p ro lo n g e d  h e a t i n g  a t  100° to  105° can  b r i n g  
i t  a lm os t  to  c o m p l e t i o n .
To e f f e c t  a more a c c u r a t e  co m p a r iso n  t h e  same 
e x p e r im e n t  was c a r r i e d  o u t  on m en thy l  n a p h t h a l e n e -  p - s u l ­
p h o n a te .  One d i f f i c u l t y  a r o s e ,  however,  owing t o  t h e  
s m a l l e r  s o l u b i l i t y  o f  t h i s  e s t e r  i n  a l c o h o l s .  With the  
e x c e p t i o n  o f  n - b u t y l  a l c o h o l  i t  was im p o s s i b l e  to  make up 
8^  s o l u t i o n s  even on h e a t i n g .  The e f f e c t  o f  c o n c e n t r a t i o n  
on amount o f  d e c o m p o s i t io n  was t h e r e f o r e  examined i n  t h e  
c a s e  o f  b u t y l  a l c o h o l  w i th  th e  f o l l o w in g  r e s u l t s ,  t h e  tem ­
p e r a t u r e  used b e in g  1 0 5 ° .
TABLE V.
Menthyl  L a p h t h a l e n e - p  - s u l p h o n a t e  i n  B u ty l  A lcoho l  
S o l u t i o n  a t  105° .
C o n c e n t r a t i o n  P e r c e n t a g e
D ecom pos i t ion




2 5 9 -6 9 .
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There i s  t h u s  a  s l i g h t  f a l l  i n  t h e  amount o f  
d e co m p o s i t io n  be tw een  8  and 6 o r  5, b u t  n o t  s u f f i c i e n t  to  
make t h e  r e s u l t s  o b t a i n e d  w i t h  c = 5 in c o m p ara b le  w i th  
t h o s e  o b t a i n e d  w i th  t h e  o t h e r  e s t e r s  a t  c = 8 . To see  
w h e th e r  t h i s  s m a l l  e f f e c t  o f  c o n c e n t r a t i o n  on d e c o m p o s i t io n  
h e l d  f o r  o t h e r  s o l v e n t s ,  b u t y l  a l c o h o l  was r e p l a c e d  by n i t r o ­
benzene  a t  t h e  same t e m p e r a t u r e ,  w i th  th e  f o l l o w i n g  r e s u l t :
TABLE 7 1 .
M enthyl  L a p h t h g l e n e - ^  - s u l p h o n a t e  i n  L i t r o b e n z e n e  
S o l u t i o n  a t  1 0 5 ° .
C o n c e n t r a t i o n  P e r c e n t a g e







2  ̂ 16*95
Prom t h e s e  f i g u r e s  i t  w i l l  be n o t i c e d  t h a t  co n ­
c e n t r a t i o n  o f  s o l u t i o n  i n  n i t r o b e n z e n e  h a s  a  v e r y  c o n s i d e r ­
a b le  e f f e c t  on the  amount o f  d e c o m p o s i t io n  i n  t h a t  s o l v e n t  
a t  the  same t e m p e r a t u r e ,  t h i s  b e in g  v e ry  marked below 5 /^. 
T h is ,  however,  does n o t  a f f e c t  t h e  r e a d i n g  i n  q u e s t i o n  as  i t  
i s  p o s s i b l e  to  make up a  s o l u t i o n  i n  n i t r o b e n z e n e  o f  c = 8 .
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The r e s u l t s  o b t a i n e d  f o r  m en th y l  n a p h t h a l e n e - f 3 - 
s u l p h o n a te  a re  g iv e n  i n  T ab le s  VII and V I I I  be low .
TABLE .V II .
Menthyl  L a p h t h a l e n e - p  - s u l p h o n a t e .
P e r c e n t a g e  o f  e s t e r  decomposed i n  one h o u r .
Temp. Toluene  l l i t r o -  | E th y le n e  P y r i d -  I s o b u t y l '  B u ty l  L -P ro p y l
benzene  L ib rom idei  i n e  A lc o ho l  A lcoho l  A l c o h o l .
95 1*50 9-30 7*02 6*20 26*96 30*77 41*68
100 1*50 63*23 28*14 9*11 4-1.21 45*02
105 1*55 98*63 99*56 13*86 56*13 62*92
I
TABLE V I I I .
M enthyl  L a p h th a l e n e -  (3 - s u l p h o n a t e .
P e r c e n t a g e  o f  e s t e r  decomposed i n  one h o u r .
T em pera tu re  I M ethyl  E th y l  P r o p y l  j  B u t y l
A lcoho l  A lcoho l  A lcoho l  A l c o h o l .
65 I 12*92 4*92
I
75 ! - 13*53 8*27 5*62.
I  I
By comparing t h e s e  two t a b l e s  w i th  T ab le s  I I I  
and IV, i t  w i l l  be s e e n  t h a t  t h e r e  i s  g e n e r a l  agreem ent  
w i t h  r e g a r d  to  t h e  e f f e c t  o f  th e  d i f f e r e n t  s o l v e n t s  a t  t h e  
d i f f e r e n t  t e m p e r a t u r e s  a l t h o u g h  t h e  v a l u e s  a r e  by no means
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i d e n t i c a l .  The main d i f f e r e n c e  n o t i c e a b l e  i s  t h e  much 
g r e a t e r  e f f e c t  o f  e t h y l e n e  d ib ro m ide  on t h e  m enthy l  t h a n  
on the  b o r n y l  e s t e r .  A l low ing  f o r  t h e  s l i g h t  r e d u c t i o n  
i n  d e c o m p o s i t io n  due t o  d e c r e a s e d  c o n c e n t r a t i o n ,  t h e  v a l u e s  
o b t a i n e d  f o r  the  a l c o h o l s  a r e  a lm o s t  the  same a t  a l l  tem­
p e r a t u r e s  w i th  the  e x c e p t i o n  o f  m ethy l  and e t h y l  a l c o h o l ,  
when th e  d e c o m p o s i t io n  f o r  t h e  m enthyl  e s t e r  i s  h i g h e r  th a n  
t h a t  o b t a i n e d  f o r  the  b o r n y l  one .
Thus t h e r e  i s  a d i s t i n c t  s o l v e n t  e f f e c t  on t h e  
t e m p e r a t u r e  and on th e  r a t e  of d e c o m p o s i t io n ,  and i n  g e n e r ­
a l  i s  s i m i l a r  f o r  a l l  t h e  e s t e r s .
DEOOMPOSITIOL BY HYDROLYTIC METHODS,
T his  was i n v e s t i g a t e d  i n  th e  f i r s t  p l a c e  i n  
c o n n e c t i o n  w i t h  b o r n y l  n a p h t h a l e n e - (3 - s u l p h o n a t e  owing to 
th e  d i s c o v e r y  t h a t ,  s t a r t i n g  w i th  c ru d e  d - b o r n e o l  c o n t a i n ­
i n g  1 - i s o b o r n e o l ,  i t  was p o s s i b l e  to p r e p a r e  t h e  d- e s t e r  
w i t h  t h e  same r o t a t i o n  a s  t h a t  o f  the  1 - ,  when i t  was hoped 
t o  o b t a i n  a new method o f  p u r i f y i n g  d - b o m e o l .
( i )  A c t io n  o f  Water  and Aqueous HQH.
When steam was blown th r o u g h  b o r n y l  n a p h th a l e n e -  
Ç> - s u l p h o n a t e  suspended i n  w a t e r  o r  d i l u t e  aqueous c a u s t i c  
p o t a s h  f o r  a s h o r t  t im e  (20 - 30 m i n u t e s ) ,  o n ly  w a t e r  d i s ­
t i l l e d  ov e r ,  and th e  e s t e r ,  a f t e r  f i l t e r i n g  and d r y i n g ,  was
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found to b e  a lm os t  a s  pu re  as  b e f o r e ,  t h e  m e l t i n g  p o i n t  
b e in g  the  same and t h e  r o t a t i o n  o n ly  s l i g h t l y  r e d u c e d .
When, however ,  t h e  e s t e r  suspended  i n  w a te r  o r  
c a u s t i c  a l k a l i  was h e a t e d  on t h e  w a t e r  b a t h  f o r  two to  t h r e e  
h o u r s ,  r e a c t i o n  t o o k  p l a c e  and b row nish  p r o d u c t s  r o s e  to  
th e  s u r f a c e .  On p a s s i n g  i n  steam a c o l o u r l e s s  l i q u i d  
was o b t a i n e d  i n  th e  d i s t i l l a t e .  This  d id  n o t  s o l i d i f y ,  
was e t h e r e a l  i n  odour  and on e x t r a c t i o n  w i t h  benzene  and 
removal  o f  th e  s o l v e n t  was found to  d i s t i l  a t  155° - 159°.
I t  s t i l l  d id  n o t  s o l i d i f y  and was o p t i c a l l y  i n a c t i v e .  
A n a l y s i s  gave r e s u l t s  which c o r r e s p o n d  ro u g h ly  w i t h  th e  
fo rm u la  C H , ,  b u t  t h e s e  were  n o t  so a c c u r a t e  a s  th o seI o 16
g e n e r a l l y  o b t a i n e d ,  i n  th e  o t h e r  c a s e s  t h e  c a rb o n  b e in g  
low er  and the  hydrogen  h i g h e r  t h a n  t h a t  demanded by t h e o r y .  
T h is ,  t ak e n  i n  c o n j u n c t i o n  w i t h  the  f a c t  t h a t  t h e  l i q u i d  
d i d  n ô t  s o l i d i f y ,  seems to  i n d i c a t e  t h a t  i t  i s  a m ix tu r e  
o f  two t e r p e n e s ,  the  main one, however,  b e in g  camphene, 
which h a s  a d i s t i n c t i v e  o d o u r .  T e s t i n g  w i t h  bromine 
w a t e r  proved the  u n s a t u r a t e d  n a t u r e  o f  t h e  t e r p e n e  a s  i t  
was r e a d i l y ,  d e c o l o u r i s e d .  To prove  the  p r e s e n c e  o f  t h e  
camphene, some o f  th e  t e r p e n e  was d i s s o l v e d  i n  e t h e r  and 
th e  s o l u t i o n  s a t u r a t e d  w i th  d r y  HGl g a s .  There was a
r e a c t i o n  and t h e  s o l u t i o n  d a rken ed  i n  c o lo u r  b u t  no 
h y d r o c h l o r i d e  p r e c i p i t a t e d .  On e v a p o r a t i o n  o f  th e  e t h e r  
i n  a i r  the  r e s i d u e  s e p a r a t e d  i n t o  a  b ro w n ish  o i l  and a
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G o l o u r l e s s  p o r t i o n  which s o l i d i f i e d  and showed t h e  m e l t i n g  
p o i n t  c o r r e s p o n d i n g  to  camphene h y d r o c h l o r i d e .  j?rom 
t h e  a n a l y s i s  i t  seemed p o s s i b l e  t h a t  th e  o t h e r  t e r p e n e  
p r e s e n t  was s a t u r a t e d .  These u s u a l l y  g iv e  n i t r o  com­
pounds,  so a p o r t i o n  o f  th e  l i q u i d  was h e a t e d  w i t h  HLÛ3 , 
when a l a y e r  o f  a y e l lo w  compound formed on th e  s u r f a c e  
o f  the  l i q u o r s ,  which was most p ro b a b ly  a n i t r o  d e r i v a t i v e  
a l t h o u g h  no such d e r i v a t i v e  o f  e i t h e r  d ihydrocamphene o r  
d i h y d r o b o r n y l ene i s  i n d i c a t e d  a s  b e in g  p re p a re d  by t h i s  
method i n  th e  l i t e r a t u r e .  The p r e s e n c e  o f  th e  d ih y d ro -
camphene i n  th e  camphene can  be r e a d i l y  e x p l a i n e d  by th e  
f a c t  t h a t  t h e  fo rm er  b o i l s  a t  157° - 160°, t h a t  i s ,  about  
two d e g re e s  above camphene, and i t  i s  a lm os t  i m p o s s i b l e  to  
s e p a r a t e  two t e r p e n e s  w i t h  such  c l o s e . b o i l i n g  p o i n t s  by 
f r a c t i o n a l  d i s t i l l a t i o n .  The c o n ta m i n a t i o n  o f  camphene 
w i th  even sm all  q u a n t i t i e s  o f  t h i s ,  o r  any o t h e r  t e r p e n e ,  
a l s o  e x p l a i n s  i t s  l i q u i d  s t a t e  and th e  d i f f i c u l t y  o f  o b t a i n ­
in g  th e  h y d r o c h l o r i d e  i n  a c r y s t a l l i n e  s t a t e .  I t  seems
p o s s i b l e  a l s o  t h a t  w h i le  camphene r e s u l t s  from t h e  a c t i o n  
o f  t h e  KOH on th e  e s t e r ,  some o f  t h e  e s t e r  may have decom­
posed  p u r e l y  on accoun t  o f  the  t e m p e r a t u r e ,  t h i s  b e in g  v e ry  
n e a r  t h a t  used  i n  t h e  d e c o m p o s i t io n  o f  t h e  e s t e r  i n  s e a l e d  
t u b e s ,  when d ihydrocamphene would n a t u r a l l y  r e s u l t  a lo n g  
w i th  h i g h e r  b o i l i n g  p r o d u c t s .  T h is  seems th e  more l i k e l y  
when t h e  c o n t e n t s  o f  the  d i s t i l l a t i o n  f l a s k  a r e  examined.
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Along w i t h  w h i t e  g l i s t e n i n g  p l a t e s  o f  what was a f t e r w a r d s  
p roved  to be th e  p o ta s s iu m  s a l t  o f  n a p h t h a l e n e - (3 - su lp h o n io  
a c i d  (b y  c o n v e r t i n g  i t  i n t o  th e  bar ium  s a l t  and a n a l y s i n g  
th e  l a t t e r )  was some b ro w n ish  m a t e r i a l .  T h is  was e x t r a c t ­
ed w i t h  b en ze n e ,  the  e x t r a c t  t h o r o u g h ly  d r i e d  w i t h  GaCl^, 
and t h e  s o l v e n t  removed unde r  re d u c e d  p r e s s u r e .  On a t t e m p t ­
in g  to  d i s t i l  t h e  r e s i d u e  i n  vacuo c a rb o n a c e o u s  d e c o m p o s i t io n  
s e t  i n  a t  about  140° ,  so t h a t  i t  was im p o s s i b l e  to  i s o l a t e  
any p ro d u c t  by t h i s  m eans .  An a t t e m p t  was t h e r e f o r e  made 
to  s o l i d i f y  the  r e s i d u e  i n  a vacuum d e s i c c a t o r ,  b u t  t h i s  
h a v in g  so f a r  been u n s u c c e s s f u l ,  no f u r t h e r  work can be done 
on i t  a s  t h e r e  i s  no a v a i l a b l e  t e s t  f o r  t h e  p r e s e n c e  o f  d i -  
b o m y l e n e  a l t h o u g h  i t  i s  v e ry  l i k e l y  t h a t  some o f  t h i s  su b ­
s t a n c e  i s  p r e s e n t  owing to  d e c o m p o s i t io n  i n  t h e  homogeneous 
s t a t e  h a v in g  t a k e n  p l a c e  to  some e x t e n t  as  a l r e a d y  s u g g e s t e d .  
Lo t r a c e  o f  b o r n e o l  was o b t a i n e d .
( i i )  A lc o h o l i c  kOH.
T h is  i s  the  method u s u a l l y  found s u i t a b l e  f o r  th e  
h y d r o l y s i s  o f  b o r n y l  e s t e r s .
Whan b o r n y l  n a p h t h a l e n e - p  - s u l p h o n a t e  was d i s ­
so lv e d  i n  c o ld  a l c o h o l  and KOH i n  s l i g h t  e x c e s s  o f  t h e  quan­
t i t y  r e q u i r e d  by th e  e q u a t i o n
G H SO C H + KOH C. H OH + C H SO K 1 0 1 7 3 1 0 7  1 0 1 7  1 0 7 3
d i s s o l v e d  i n  a l i t t l e  w a t e r  was added and the  whole a l low ed  
to  s t a n d  a t  th e  o r d i n a r y  t e m p e r a tu re  f o r  some d a y s ,  c r y s t a l s
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f i n a l l y  s e p a r a t e d :  t h e s e  were  lo n g ,  f i n e  n e e d l e s ,  and on
d e t e r m i n a t i o n  o f  m e l t i n g  p o i n t ,  r o t a t i o n ,  e t c . ,  were  found 
to  be th e  p u re  unchanged e s t e r .
Y/hen, however, t h i s  s o l u t i o n ,  o r  a  more con ce n ­
t r a t e d  one was b o i l e d  on th e  w a t e r  b a t h  f o r  s e v e r a l  h o u r s ,  
a w h i t e  s o l i d  s e p a r a t e d ,  q u i t e  d i f f e r e n t  i n  a p p ea ra n c e  from 
t h a t  o b t a i n e d  i n  t h e  p r e v i o u s  e x p e r i m e n t .  When no more 
s e p a r a t i o n  t o o k  p l a c e ,  h e a t i n g  was s to p p e d  and th e  s o l i d  
f i l t e r e d  and d r i e d .  On w e ig h ing  and e s t i m a t i n g  i t  by c o n ­
v e r s i o n  i n t o  th e  barium s a l t ,  i t  was found t h a t  a lm os t  the  
t h e o r e t i c a l  amount o f  the  p o t a s s iu m  s a l t  o f  t h e  s u lp h o n ic  
a c i d  had  been  fo rm ed .  To i s o l a t e  t h e  b o r n e o l  th e  a l c o h o l ­
i c  s o l u t i o n  was d r i e d  w i t h  KgCO^, and most o f  t h e  a l c o h o l  
d i s t i l l e d  o f f  u n d e r  redu ced  p r e s s u r e .  L o th in g  s e p a r a t e d  
from th e  r e m a in d e r  so i t  was poured i n t o  w a t e r .  A v e r y  
sm a l l  q u a n t i t y  o f  a s o l i d  s e p a r a t e d ,  and, on d r y i n g  and r e -  
c r y s t a l l i s i n g ,  was found to  be unchanged e s t e r .  Lo t r a c e  
o f  b o r n e o l  was o b t a i n e d ,  but  i t  was ob se rved  t h a t  t h e  a l c o ­
h o l i c  d i s t i l l a t e  when poured  i n t o  w a t e r  became t u r b i d ,  show­
i n g  the  p r e s e n c e  o f  some f o r e i g n  m a t e r i a l .  T h is  d id  n o t  
s o l i d i f y ,  and owing to  t h e  p r e s e n c e  o f  the  a l c o h o l  i n  the  
aqueous s o l u t i o n ,  e x t r a c t i o n  w i t h  any s o l v e n t  was p r a c t i c a l l y  
i m p o s s i b l e .  There  was, however, a s t r o n g  odour  o f  cam­
phene abou t  t h e  a l c o h o l i c  s o l u t i o n .
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This  d e c o m p o s i t i o n  v/as c a r r i e d  o u t  w i t h  t h e  
t h r e e  b o m y l  e s t e r s  w i th  t h e  same r e s u l t .  The n a p h t h a ­
l e n e  s u l p h o n a t e s  r e q u i r e s  t h r e e  t o  f o u r  h o u r s  f o r  t h i s  
d e c o m p o s i t io n  to t a k e  p l a c e , w h i l e  b o r n y l  b e n z e n e s u lp h o n ­
a t e  r e q u i r e s  s i x  hours*  L e i t h e r  b y  ch ang ing  the  amount 
o f  KOH, n o r  by ch an g in g  t h e  t e m p e r a t u r e  o f  t h e  r e a c t i o n  
was i t  p o s s i b l e  to  o b t a i n  any b o r n e o l .  I f  t h e r e  v/as 
any r e a c t i o n  a t  a l l  i t  went  i n  t h e  manner i n d i c a t e d  above .
f i i i ) .  Sodium E th o x id e  i n  A lc o h o l .
The t h e o r e t i c a l  amount o f  m e t a l l i c  sodium v/as 
d i s s o l v e d  i n  a b s o l u t e  a l c o h o l  and th e  e s t e r  d i s s o l v e d  i n  
t h e  c o ld  a l c o h o l i c  sodium e t h y l a t e ,  w i t h  th e  a d d i t i o n  o f  
more a l c o h o l  i f  n e c e s s a r y .  A f t e r  a l lo w in g  th e  whole to 
s t a n d  a t  room t e m p e r a t u r e  f o r  some days ,  lo ng  n e e d l e  
c r y s t a l s  a g a in  a p p e a re d ,  and were p roved  to  be unchanged 
e s t e r .
H e a t in g  on the  w a t e r  b a t h  o f  t h i s ,  o r  o f  a 
more c o n c e n t r a t e d  s o l u t i o n  p r e p a r e d  i n  t h e  same manner,  r e ­
s u l t e d  i n  th e  same d e c o m p o s i t io n  as  t h a t  o b t a i n e d  w i t h  KOH, 
the  o n ly  d i f f e r e n c e  b e in g  th e  g r e a t e r  p u r i t y  o f  t h e  r e s i d u e  
l e f t  a f t e r  th e  rem ova l  o f  t h e  a l c o h o l  by  d i s t i l l a t i o n .  Lo 
t r a c e  o f  b o r n e o l  cou ld  be o b t a i n e d  e i t h e r  mixed up w i t h  the  
p o ta s s iu m  n a p h t h a l e n e - (3- s u l p h o n a t e ,  o r  i n  the  a l c o h o l i c  
s o l u t i o n ,  b u t  the  odour  o f  camphene was a g a i n  a p p a r e n t .
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( i v )  . Barium H y d ro x id e .
The e s t e r  v/as d i s s o l v e d  i n  warm a l c o h o l  and 
a c o n c e n t r a t e d  h o t  s o l u t i o n  o f  b a r y t a  c o n t a i n i n g  I 3 t im e s  
t h e  q u a n t i t y  of  ba r ium  h y d ro x id e  r e q u i r e d  c o m p l e t e ly  to  
h y d r o ly s e  t h e  e s t e r  a c c o rd in g  to  the  e q u a t i o n
+ 3 a ( S 0 ^ .Ç
was added,  more a l c o h o l  b e in g  added i f  n e c e s s a r y  to keep 
th e  e s t e r  i n  s o l u t i o n .  The r e a c t i o n  which r e s u l t s  i n  
t h e  s e p a r a t i o n  o f  a g l i s t e n i n g  s o l i d  commenced a lm o s t  a t  
once ,  and was comple ted  by h e a t i n g  on t h e  w a t e r  b a t h .
Two to  t h r e e  h o u r s  were r e q u i r e d  i n  t h e  c a s e  o f  the  tv/o 
n a p h th a l e n e  e s t e r s ,  b u t  s i x  f o r  the  b e n z e n e s u lp h o n ic  e s t e r .  
The whole was c o o le d ,  th e  s o l i d  f i l t e r e d  and d r i e d ,  and 
t h e  f i l t r a t e  s e p a r a t e d  i n t o  aqueous and a l c o h o l i c  l a y e r s  
by means o f  KgCO,, the  fo rm e r  b e in g  d i s c a r d e d  s i n c e  b o r n e o l  
i s  i n s o l u b l e  i n  w a t e r  and p r e c i p i t a t e d  t h e r e b y .  Any 
t e r p e n e s  formed would a l s o  r e m a in  i n  a l c o h o l i c  s o l u t i o n .
The s o l i d  v/as found to  be n e a r l y  the  t h e o r e t i ­
c a l  amount o f  the  barium s a l t  of the  s u lp h o n ic  a c id ,  t h i s  
b e in g  proved by a n a l y s i s  o f  the  r e c r y s t a l l i s e d  s a l t . To 
p rove  t h a t  no b o r n e o l  was t r a p p e d  among t h i s  s a l t ,  t h e  s a l t  
b e f o r e  r e c r y s t a l l i s a t i o n  was e x t r a c t e d  v / i th  h o t  benzene ,  
and th e  benzene e x t r a c t  e v a p o r a t e d  to  d ry n e s s ,w h e n  no r e s i d u e  
was o b t a i n e d .
The a l c o h o l i c  l a y e r  o f  th e  f i l t r a t e  was d i s t i l l e d
-6 0 -
und e r  reduced  p r e s s u r e  u n t i l  a s o l i d  began to  s e p a r a t e  
i n  th e  d i s t i l l i n g  f l a s k .  The d i s t i l l a t i o n  was th e n  
s to p p e d ,  and th e  r e s i d u e  a l low ed  to  c r y s t a l l i s e .  The 
amount o f  s o l i d  o b t a i n e d  was sm a l l  even when t h e  q u a n t i t y  
o f  e s t e r  used  was 25 to 20 grams.  On a t t e m p t i n g  to  
c r y s t a l l i s e  t h i s ,  i t  v/as found to c o n s i s t  m a in ly  o f  t h e  
b a r iu m  s u lp h o n a te ,  but  t r a c e s  o f  camphene M.P. 51° , d i ­
hydrocamphene M.P. 85° ,  and b o r n y le n e  M.P. 113° were fo u n d .  
S u f f i c i e n t  q u a n t i t y  o f  any o f  t h e s e  s u b s t a n c e s  was no t  
o b t a i n e d  a t  any t ime f o r  p u r i f i c a t i o n  and a n a l y s i s .  Lo 
b o r n e o l  was p r e s e n t  h e r e  e i t h e r .
I t  b e in g  n e c e s s a r y  to  f i n d  some means o f  i d e n t i ­
f y i n g  t h e  t e r p e n e s  which had  v o l a t i l i s e d  w i t h  th e  a l c o h o l  
d u r in g  d i s t i l l a t i o n  w i t h  th e  o r d i n a r y  a p p a r a t u s  i n  t h e  
p r e v io u s  e x p e r im e n t s ,  a t t e m p t s  were made to  s e p a r a t e  them 
by f r a c t i o n a l  d i s t i l l a t i o n  w i th  an e f f i c i e n t  f r a c t i o n a t i n g  
column, b u t  t h i s  was o f  no a v a i l .  Also p r e c i p i t a t i o n  
w i th  w a t e r  was u s e l e s s  s i n c e  t h e y  formed an em uls ion  w i t h  
t h e  a l c o h o l  w a t e r  m ix t u r e ,  o n ly  v e ry  l i t t l e  i f  any 
s e p a r a t i n g  o u t .  I t  t h e r e f o r e  became n e c e s s a r y  to  
f i n d  i f  p o s s i b l e  a  d e r i v a t i v e  of  camphene and b o r n y le n e  
which c o u ld  be  made i n  a l c o h o l i c  s o l u t i o n ,  f o r  i t  seemed 
r e a s o n a b l e  to suppose  t h a t  t h e s e  were t h e  s u b s t a n c e s  fo rm ed ,  
w i t h ,  p o s s i b l y ,  some dihydrocamphene and d i b o r n y l e n e . By 
p a s s i n g  d r y  g aseo u s  HCl t h r o u g h  t h e  s o l u t i o n ,  camphene
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h y d r o c h l o r i d e  was formed b u t  d id  n o t  c r y s t a l l i s e  owing 
to t h e  s o l u t i o n  b e in g  d i l u t e .  In  s p i t e  o f  t h e  f a c t  
t h a t  w a t e r  decomposed camphene h y d r o c h l o r i d e  t h e  a g e n t  
had to  be used to  p r e c i p i t a t e  i t  from th e  s o l u t i o n ,  when 
i t  was f i l t e r e d  as  r a p i d l y  as  p o s s i b l e  and r e c r y s t a l l i s e d  
from a l c o h o l i c  HGl. By t h i s  means s u f f i c i e n t  was o b t a i n ­
ed t o  e n ab le  i t s  m e l t i n g  p o i n t  to  be t a k e n  and found 
c o r r e c t .  Lone o f  th e  o t h e r  s u b s t a n c e s  m en t ion ed  gave 
any d e r i v a t i v e s  i n  a l c o h o l i c  s o l u t i o n .  T h is  means o f  
i d e n t i f i c a t i o n  n o t  b e in g  s a t i s f a c t o r y ,  a f i n a l  a t t e m p t  to  
i s o l a t e  t h e  t e r p e n e s  v/as made i n  t h e  f o l l o w in g  m anner .
The a l c o h o l i c  s o l u t i o n  v/as poured  i n t o  a  l a r g e  e x c e s s  o f  
w a t e r ,  and th e  whole e x t r a c t e d  t h o r o u g h l y  w i t h  t o l u e n e .
T h is  by no means e x t r a c t e d  a l l  the  t e r p e n e  f o r  the  sm e l l  
o f  camphene was s t i l l  p e r c e i v e d  s t r o n g l y  i n  t h e  aqueous 
l a y e r ,  and th e  l a t t e r  had s t i l l  t h e  ap p ea ra n c e  o f  an emul­
s i o n .  The e x t r a c t  was d r i e d  w i t h  GaGl^, and th e  s o l v e n t  
removed by d i s t i l l a t i o n  under  r ed u ced  p r e s s u r e .  The r e ­
m ainder  was d i s t i l l e d  a t  o r d i n a r y  t e m p e r a tu re  when th e  main 
p o r t i o n  d i s t i l l e d  a t  155° ,  bu t  some h i g h e r  b o i l i n g  m a t e r i a l  
was a l s o  o b t a i n e d .  The p o r t i o n  b o i l i n g  a t  155° proved to  
be  camphene, g i v i n g  camphene h y d r o c h l o r i d e  i n  t h e  u s u a l  way. 
The t o t a l  amount o f  t e r p e n e  i s o l a t e d  i n  t h i s  manner would 
n o t  be more t h a n  1 0 /t.
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Henoe one d e c o m p o s i t io n  t a k i n g  p l a c e  i n  a l l  th e s e  
e x p e r im e n t s  i s  t h e  s p l i t t i n g  o f f  o f  t h e  s u l p h o n i c  a c i d  and 
t h e  m o l e c u l a r  t r a n s f o r m a t i o n  o f  the  r e s i d u e  i n t o  camphene. 
There a l s o  seems to he an i n d i c a t i o n  o f  t h e  fo r m a t io n  o f  
some d i b o r n y l e n e  b u t  t h i s  c an n o t  be p roved  owing to  t h e  
l a c k  o f  any know/n d e r i v a t i v e .  I t  i s  rem ark ab le  t h a t
t h e  methods which  h y d r o l y s e  o t h e r  b o r n y l  e s t e r s  such as 
b o r n y l  a c e t a t e ,  b o r n y l  p - n i t r o b e n z o a t e  (Henderson and H e i l -  
b ro n ,  1913, P r o c . ,  3 8 1 ) ,  b o r n y l  h y d r o g e n p h t h a l a t e
( P i c k a r d  and L i t t l e b u r y ,  1907,  T . ,  1973) ,  and b o r n y l  man- 
d e l a t e  (Mackenzie  and Thompson, 1905, T . ,  1013) should  
cau se  the  r e a c t i o n  to go f u r t h e r  in  t h e  case  of  t h e  s u l ­
phon ic  e s t e r s ,  w i t h  no t  even a  t r a c e  o f  b o r n e o l  i n  t h e  r e ­
s u l t a n t  p r o d u c t .
Observ ing  t h i s  p e c u l i a r i t y  i n  t h e  b o r n y l  s u l ­
phonic e s t e r s ,  i t  seemed to i n t e r e s t  to see  w h e th e r  th e  
c o r r e s p o n d in g  m enthy l  e s t e r s  were normal  o r  o t h e r w i s e .
Only two o f  the  methods o f  h y d r o l y s i s  were c a r r i e d  o u t  i n  
t h i s  c a s e ,  t h e  a c t i o n  o f  aqueous KOH, and the  a c t i o n  o f  
bar ium  h y d r o x id e .
( i )  A c t io n  o f  aqueous KOH.
When m en thy l  b e n z e n e su lp h o n a te  v/as suspended 
i n  aqueous KOH (10 - 15/! s o l u t i o n )  and h e a t e d  on t h e  w a t e r  
b a th  f o r  s e v e r a l  h o u rs  d e c o m p o s i t io n  f i n a l l y  t o o k  p l a c e  and 
on p a s s i n g  i n  steam a c o l o u r l e s s  o i l  d i s t i l l e d  w i th  t h e
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w a t e r .  This  v/as e x t r a c t e d  v/ith b e nzene ,  t h e  e x t r a c t  
d r i e d  w i t h  GaOl , and th e  s o l v e n t  removed a t  o r d i n a r y  
p r e s s u r e .  The p ro d u c t  b o i l e d  a t  165 a t  o r d i n a r y  
p r e s s u r e ,  and gave a n a l y s i s  c o r r e s p o n d i n g  a lm o s t  e x a c t l y  
w i t h  t h e  fo rm ula  C H , i n d i c a t i n g  t h a t  i n  t h i s  c a s e
I o  I 8
p r a c t i c a l l y  no s a t u r a t e d  t e r p e n e ,  i f  i n d ee d  any a t  a l l ,  
had b e en  formed from d e c o m p o s i t io n  o f  t h e  e s t e r  by th e  
a c t i o n  o f  h e a t  a l o n e .  T h is  v/as to - b e  e x p e c te d  s i n c e  
i n  the  homogeneous deco m p o s i t io n  o f  t h i s  e s t e r  t h e  steam 
b a t h  was n e c e s s a r y .  Bromine p roved  t h e  t e r p e n e  to  be 
u n s a t u r a t e d ,  and f o r m a t io n  o f  the  n i t r o s o c h l o r i d e  by t h e  
u s u a l  method which  m e l ted  a t  115*, p roved  the l i q u i d  to  
be m enthene .
E x am ina t ion  o f  t h e  c o n t e n t s  o f  the  r e a c t i o n  
f l a s k  showed t h a t ,  i n  a d d i t i o n  to t h e  p o ta s s iu m  b e n z e n e ­
s u l p h o n a te ,  t h e r e  was a l s o  some unchanged e s t e r ,  t h e  r e ­
a c t i o n  n o t  t a k i n g  p l a c e  so r e a d i l y  even a f t e r  h e a t i n g  
f o r  f i v e  o r  s i x  h o u r s  as i t  does  i n  t h e  c a s e  of  the  b o r ­
n y l  e s t e r .  R a i s in g  th e  t e m p e r a t u r e  o f  the r e a c t i o n
would a lm ost  c e r t a i n l y  decompose a l l  t h e  e s t e r ,  b u t  the  
r e a c t i o n  would most l i k e l y  n o t  t a k e  j u s t  t h e  d i r e c t i o n  d e ­
s i r e d  .
When m enthyl  n a p h t h a l e n e - ç - s u lp h o n a te  v/as 
t r e a t e d  i n  th e  same way, some d e c o m p o s i t io n  a l s o  took  
p l a c e  w i t h  t h e  f o r m a t io n  o f  menthene and the s u lp h o n ic  
a c i d ,  o r  r a t h e r  i t s  p o ta s s iu m  s a l t ,  b u t  the  amount o f  t h i s  
d e c o m p o s i t io n  was n o t  l a r g e  even a f t e r  h e a t i n g  f o r  s i x
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h o u r s ,  a t  l e a s t  5C^ o f  th e  e s t e r  b e in g  r e c o v e r e d  un­
changed . B o i l i n g  w i t h  c a u s t i c  p o t a s h  s o l u t i o n  would 
p r o b a b ly  e f f e c t  more com ple te  d e c o m p o s i t io n  w i t h o u t  s i d e  
r e a c t i o n s  t a k i n g  p l a c e ,  b u t  t h i s  was n o t  f u r t h e r  i n v e s t i ­
g a t e d .
( i i )  Barium Hydroxide  .
T h is  e x p e r im en t  was c a r r i e d  ou t  e x a c t l y  as  
d e s c r i b e d  f o r  the  b o m y l  e s t e r s  ( s e e  page 59) u s in g  a l l  
the  m en th y l  s u l p h o n a t e s .  The t im e s  r e q u i r e d  f o r  t h e i r
d e co m p o s i t io n .w e re  a p p r o x im a te ly  the  same as  t h o s e  f o r  
t h e  c o r r e s p o n d i n g  b o r n y l  e s t e r s ,  b u t  i f  a n y th i n g ,  s l i g h t l y  
more t im e  i s  n e c e s s a r y  f o r  com ple te  d e c o m p o s i t io n  o f  th e  
m en thy l  e s t e r s .  The bar ium  s a l t  o f  the  a c i d  was formed 
a lm ost  q u a n t i t a t i v e l y  i n  e v e r y  c a s e  and was e s t im a t e d  as  
b e f o r e .  Lo m enthol  c o u ld  be o b t a i n e d  a t  a l l  though  
e v e r y  p r e c a u t i o n  was t a k e n  to  p r e v e n t  o v e r l o o k i n g  i t ,  b u t  
the  a l c o h o l i c  d i s t i l l a t e  c o n t a i n e d  a t e r p e n e  which c o u ld  
no t  be s e p a r a t e d  from i t  by d i s t i l l a t i o n  o r  p r e c i p i t a t i o n  
w i t h  w a t e r .  Erom ana lo g y  w i th  th e  p r e v i o u s  work t h i s  
was p r o b a b ly  m enthene ,  and th e  odour  o f  the  s o l u t i o n  
s t r e n g t h e n e d  t h i s  b e l i e f .  S ince  menthene does  n o t  g iv e  
any d e r i v a t i v e  in  a l c o h o l i c  s o l u t i o n ,  th e  d i s t i l l a t e  was 
poured  i n t o  e x c e s s  w a t e r  and e x t r a c t e d  w i t h  t o l u e n e  as  b e ­
f o r e .  On removal  o f  t h e  s o l v e n t  and d i s t i l l i n g  th e
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r e s i d u e ,  p r a c t i c a l l y  t h e  whole q u a n t i t y  d i s t i l l e d  a t  abou t  
16A° . L i t t l e  i f  any h ig h  b o i l i n g  m a t e r i a l  was o b t a i n e d ,  
a l t h o u g h  th e  p e r c e n t a g e  o f  t e r p e n e  e x t r a c t e d  was h i g h e r  
t h a n  t h a t  o b t a i n e d  i n  t h e  b o m y l  e x p e r im e n t .  The l i q u i d  
t h u s  o b t a i n e d  was r e a d i l y  p roved  to  be menthene by the  
f o r m a t io n  o f  t h e  n i t r o s o c h l o r i d e .
Thus t h e  a c t i o n  of  b a r y t a  and o f  aqueous KOH 
on t h e  m en thy l  e s t e r s  r e s u l t s  i n  th e  f o r m a t io n  of  menthene 
a s  p r a c t i c a l l y  the  on ly  t e r p e n i c  p r o d u c t ,  the  o t h e r  p ro ­
d u c t  b e in g  the  s a l t  o f  th e  s u lp h o n ic  a c i d .  Side  r e ­
a c t i o n s  do n o t  o c cu r  to c o m p l i c a te  the i s s u e .  This
d e c o m p o s i t io n  i s  p r a c t i c a l l y  i d e n t i c a l  to t h a t  found  when 
th e  e s t e r s  a r e  d i s t i l l e d  r a p i d l y  i n  v a c u o .  The same
may a l s o  be s a i d  o f  t h e  d e c o m p o s i t io n  o f  the  b o r n y l  e s t e r s  
by  th e s e  h y d r o l y t i c  a g e n t s ,  w i th  th e  e x c e p t i o n  o f  t h e  
f o r m a t io n  o f  t h e  dihydro-compound by d e c o m p o s i t io n  i n  the  
homogeneous s t a t e  owing to  the  t e m p e r a tu r e  u s e d .
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The r e a c t i o n  t a k i n g  p la c e  d a r i n g  th e  decom­
p o s i t i o n  o f  t h e  m en thy l  e s t e r s  by  the  v a r i o u s  methods 
employed, may be r e p r e s e n t e d  as o c c u r r i n g  i n  two s t a g e s .  
I n  the  f i r s t  s t a g e  t h e  s u lp h o n ic  a c id  r a d i c l e  s p l i t s  o f f
TV
alo n g  w i t h  a hy d ro gen  atom from t h e  a d j a c e n t  c a rb o à  atom, 
g i v i n g  the  s u lp h o n ic  a c i d  and a  r e s i d u e  w i th  two f r e e  
v a l e n c i e s .  Th is  r e s i d u e  can now s t a b i l i s e  i t s e l f  i n  
tv/o ways.  The two f r e e  v a l e n c i e s  may s a t u r a t e  each 
o t h e r  when the  d o u b le -b o nd ed  compound menthene r e s u l t s ,  
o r ,  a l t e r n a t i v e l y ,  tv/o r e s i d u e s  may combine t o g e t h e r  by 
means o f  t h e s e  f r e e  v a l e n c i e s  when th e  s a t u r a t e d  dimen- 
th en e  r e s u l t s .  T h is  may be r e p r e s e n t e d  as f o l l o w s : - 
R s t a n d s  f o r  t h e  benzene  o r  n a p h th a l e n e  n u c l e u s .
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The c o n d i t i o n s  o f  the  exp e r im e n t  d e te r m in e  which o f  t h e s e  
two p r o d u c t s  i s  p ro d u ce d .  I f  d e c o m p o s i t io n  i s  c a r r i e d  
o a t  by r a p i d  d i s t i l l a t i o n  i n  vaoao,  o r  by h y d r o l y t i c  
methods ,  th e  main, i f  no t  the  on ly ,  p r o d a c t  i s  m en thene .
I f ,  however, t h e  d e c o m p o s i t io n  i s  c a r r i e d  out  by p r o lo n g e d  
h e a t i n g  i n  s e a l e d  t u b e s ,  or  i n  s o l u t i o n ,  t h e  p ro d u c t  o b t a i n ­
ed i s  d im e n th en e .  I f  any menthene forms a t  a l l ,  i t
p o ly m e r i s e s  c o m p le t e ly  to  the  d i t e r p e n e .  I n  th e  case  o f  
d e c o m p o s i t io n  i n  s e a l e d  t u b e s  hexahydrocymene ( o r  menthane) 
r e s u l t s  a s  a p ro d u c t  o f  some seco n d a ry  r e a c t i o n  which canno t  
be r e a d i l y  p o s t u l a t e d .
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The d é c o m p o s i t i o n  of  t h e  b o r n y l  e s t e r s  may 
be p o s t u l a t e d  i n  a s i m i l a r  f a s h i o n .  The s u l p h o n i c  a c i d  
s p l i t s  o f f '  as  b e fo r e  l e a v i n g  a r e s i d u e  w i th  two f r e e  
v a l e n c i e s  on a d j a c e n t  c a rb o n  a to m s .  There  a re  now 
t h r e e  p o s s i b i l i t i e s .  The two v a l e n c i e s  may s a t u r a t e  
t h e m se lv e s  w i th  th e  f o r m a t i o n  o f  b o r n y l e n e ,  m o le c u la r  
r e a r r a n g e m e n t  o f  the  r e s i d u e  may r e s u l t  i n  th e  f o r m a t io n  
o f  camphene, o r  tv/o r e s i d u e s  may combine by means o f  
t h e s e  f r e e  v a l e n c i e s  to  g iv e  d i b o r n y l e n e .  This  may
be p o s t u l a t e d  as f o l l o w s ,  R s t a n d in g  as  b e fo r e  f o r  the  
benzene  o r  n a p h th a le n e  n u c l e u s : -
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The c o n d i t i o n s  o f  the  ex p e r im e n t  a g a in  d e t e r ­
mine w h e th e r  d i b o r n y l e n e  o r  camphene i s  formed, b u t  i n  
no c i r c u m s ta n c e s  does b o rn y le n e  ' seem to  be formed - a t  
l e a s t  none can be i s o l a t e d .  H y d r o l y t i c  methods g iv e  
b o t h  camphene and d i b o r n y l e n e ,  b u t  th e  p r o p o r t i o n s  o f  
t h e s e  compounds co u ld  n o t  be o b t a i n e d .  D i s t i l l a t i o n  
i n  vacuo  a l s o  g iv e s  t h e s e  tv;o p r o d u c t s ,  b u t  d ib o r n y le n e  
i s  the  main o n e .  D e co m p o s i t io n  i n  s e a l e d  t u b e s  and
i n  s o l u t i o n  l e a d s  to t h e  f o r m a t io n  of d i b o r n y le n e  o n ly  
o f  the  above-m en t ioned  compounds, t h e r e ,  however,  b e in g  
some s e c o n d a r y  r e a c t i o n  i n  the c a s e  of  h e a t i n g  i n  s e a l e d  
t u b e s  which  r e s u l t s  i n  t h e  f o r m a t i o n  o f  dihydrocamphene .
T h i s ,  however ,  c an no t  be  r e a d i l y  p o s t u l a t e d  in  e q u a t i o n  
form.
Thus the m en thy l  and b o r n y l  e s t e r s  show q u i t e  
a n a la g o u s  b e h a v i o u r  when th e y  a r e  decomposed i n  s e a l e d  
t u b e s  and i n  s o l u t i o n ,  bu t  a d i s t i n c t  d i v e r g e n c e  i s  
n o t i c e a b l e  w i t h  d e c o m p o s i t i o n  by d i s t i l l a t i o n ,  t h e  menthyl  
e s t e r s  g i v i n g  menthene and the  b o r n y l  e s t e r s  d i b o r n y l e n e  
as  the  c h i e f  p r o d u c t .  This  p ro b ab ly  a p p l i e s  a l s o  to  
th e  d e c o m p o s i t io n  by h y d r o l y t i c  methods,  b u t  i t  cann o t  be 
d e f i n i t e l y  p ro ved .
I t  i s  rem arkab le  t h a t  a l l  t h e s e  e s t e r s ,  s u l -  
p h o n a te s  and x a n t h o g e n a t e s , which c o n t a i n  s u l p h u r  i n  the  
a c id  group  b u t  which o th e r w i s e  have such d i f f e r e n t  s t r u c t u r e s .
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t h e  t e r p e n i c  group  b e in g  l i n k e d  th ro u g h  oxygen to  s u l ­
phur i n  th e  fo rm er  and by oxygen t o  oarbon  i n  t h e  l a t t e r ,  
a c c o rd in g  to  th e  s t r u c t u r e s
C | „ H  . O . S ^ O  C H , 0 . C < ^ ^
X R X S . M e
S u lp h o n a te  Z an th o g en a te
sh o u ld  show such i n s t a b i l i t y  and t h a t  t h e  fo rm er  sh o u ld  
decompose r e a d i l y  under  such v a r i e d  c o n d i t i o n s .  The 
f a c t  t h a t  m en tho l  c a n  be e a s i l y  d e h y d ra ted  by t h e  a c t i o n  
o f  a c i d s ,  e s p e c i a l l y  d i b a s i c  a c i d s ,  a t  h ig h  t e m p e r a t u r e s  
does n o t  e x p l a i n  t h e  d e c o m p o s i t io n  o f  t h e s e  e s t e r s  i n  t h e  
homogeneous s t a t e  a few d e g re e s  above t h e i r  m e l t i n g  p o i n t s ,  
f o r  the  c o n d i t i o n s  n e c e s s a r y  a re  q u i t e  d i f f e r e n t .  These 
were s t u d i e d  by Z e l o k o f f  ( B e r . ,  190^,  157/ ) , who found
t h a t  v d t h  t a r t a r i c ,  s u c c i n i c ,  c i t r i c ,  p h t h a l i c ,  and t e r e -  
p h t h a l i c  a c i d s  th e  mechanism o f  th e  r e a c t i o n  w a s : -
m enthol  + a c id  = a c i d  e s t e r  + norm al  e s t e r  
normal  e s t e r  + a c id  -  a c i d  e s t e r
a c i d  e s t e r  —-— ment hene  + a c i d .
Excess  a c i d  was e s s e n t i a l  and th e  t e m p e r a t u r e  o f  t h e  d e ­
c o m p o s i t io n  was 200° o r  above .  I t  seems t h e r e f o r e  t h a t  ' 
t h e  s u l p h u r  p r e s e n t  i n  th e  a c i d  g roup  a c t s  as an u n s t a b i -  
l i s i n g  a g e n t , a l t h o u g h  a r e a s o n  f o r  t h i s  i s  n o t  a p p a r e n t .
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T his  view i s  s t r e n g t h e n e d  by the  h y d r o l y s i s  o f  d i e t h y l  
s u l p h i t e  (B . ,  1698, 406] w i t h  HaOE, when, i n s t e a d  o f
o b t a i n i n g  the  sodium s a l t  o f  e t h y l  hydrogen  s u l p h i t e ,  
the  i som er  sodium e t h y l  s u l p h o n a te  i s  found t o  be th e  
p r o d u c t .
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ROÎAÏIOH of  MSHfHïIi OÜLPHOilIC Eüï'ERS 
in  VARI0U3 30LVEHT3.
The r o t a t i o n s  o f  the  t h r e e  menthyl  e s t e r s  
whose d e c o m p o s i t io n  under  v a r i o u s  c o n d i t i o n s  were i n v e s t i ­
g a t e d  i n  P a r t  I ,  were examined f o r  t h r e e  c o l o u r s  o f  l i g h t ,  
namely, m ercu ry  y e l lo w  ( A = 5 7 9 0 J ,  m ercury  g r e e n  (A = 5 / 6 1 ) ,  
and m ercury  v i o l e t  (A -  4358] ,  and i n  s i x  s o l v e n t s ,  e t h y l  
a l c o h o l ,  benzene ,  p y r i d i n e ,  n i t r o b e n z e n e ,  e th y l e n e  d i b r o ­
mide,  and q u i n o l i n e .  S ince  the  o b j e c t  o f  th e  i n v e s t i ­
g a t i o n  was to  o b t a i n  a g e n e r a l  o v e r s i g h t ,  o n ly  one s o l u t i o n  
v/as examined in  each  c a s e ,  the c o n c e n t r a t i o n s  r a n g i n g  b e ­
tween G = /-' / 5 ,  and G » 1*0 .  The r e s u l t s  o b t a i n e d  a re  
t a b u l a t e d  be low .
Table  I .
a p e c i f i c  R o t a t i o n s  o f  Menthyl S u lp h o n a te s  i n  V a r io u s
S o l v e n t s . 
t  = a p p ro x im a te ly  1 7 .5  t h r o u g h o u t ,  
a = e t h y l  a l c o h o l ,  
b = b e n z e n e ,  
c = p y r i d i n e ,  
d » n i t r o b e n z e n e  
e = e th y l e n e  d ib ro m id e ,  
f  =» q u i n o l i n e .
-  ? / -  -
Table I  . (G o n td . j
Mentb y 1 B e n a e n e s a lp b o n a te .
S o lv e n t  a b c d e  f
Goncent-  4*0 4*5 / *0 4«Q a . q  4  .Q
r a t i o n
y -74*75 - 6 5 -5 0  - -6 7  *95 - 6 7 * / /  -72*67 - 6 A . /2
g -64*64 - 7 4 .05  - 7 6 - 3 4  -75*94 -82*64 -72-82
V -142-17  -1 2 3 .9 2  -1 2 8 - 4 1  -127*90 - 1 3 8 -6 0  -122*78
Menthyl  N a p h t h a l e n e - #  - s u l p h o n a t e .
S o lv e n t  a b c d e  f
Gonoent- 1 -0  1 -0  1 -0  3-0  1*0 3 * 0
r a t i o n
y  -101*81 -81*40 -87*27  -92*16 -145*19  -8 4 .7 7
g -114*77 -93*25 -9 8 * 4 5  -104*63 -163*53 -97*23
V -1 9 4 .2 7  -158*10  -16 6 -0 0  -178*08 -276*18  -165*11
Menthyl N a p h th a len e -  p - s u l p h o n a t e .
So lv e n t  a b 0 d e f
Goncent 1*0 1*0 1*0 3*0 1 - 0  ‘ 3*0
r a t i o n
j  -56*15 -51*89 - -47*70  -45-87  -49*34 -31*21
g -6 4 -00  -59 -34  -5 5 -0 1  -48*67 - -56*33  -35*10
^ -106-00  -101*94 -92*18 -82*64 -9 5 -7 5  -59-07
-75"
Although the  r o t a t i o n s  v a r y  c o n s i d e r a b l y  i n  
e ac h  c a s e  w i th  change  o f  s o l v e n t ,  t h e  change i s  n o t  s u f f i ­
c i e n t  to  c au se  any o v e r l a p p i n g ,  so t h a t  t h e  s o l u t i o n s  o f  
each  s u b s t a n c e  form a s e p a r a t e  g roup ,  the  r o t a t i o n s  o f  
m en thy l  n a p h t h a l e n e - (3 - s u l p h o n a t e  be in g  th e  l o w e s t ,  and 
th o s e  f o r  m en thy l  n a p h t h a l e n e - a  - s u l p h o n a t e  t h e  h i g h e s t .
The r o t a t i o n s  f o r  th e  b o n z e n e s u lp h o n a te  s o l u t i o n s  l i e  
w h o l ly  be tw een  the  o t h e r s .  I t  may a l s o  be n o t i c e d  t h a t  
th e  d i f f e r e n t  s o l v e n t s  do not i n f l u e n c e  the  r o t a t i o n s  in  
th e  same way, a l t h o u g h  t h e r e  i s  some s i m i l a r i t y .  Quino­
l i n e ,  which u s u a l l y  h a s  a  po w erfu l  e f f e c t  e i t h e r  to w ards  
e x a l t a t i o n  o r  d e p r e s s i o n ,  p ro d uces  the  lo w e s t  r o t a t i o n  i n  
menthyl  n a p h t h a l e n e - a  - s u l p h o n a t e  and i n  m enthy l  b enzane-  
s u l p h o n a te ,  and  the second  lo w e s t  i n  menthyl  n a p h th a l e n e -  
^ - s u l p h o n a t e .  E th y le n e  d ib rom ide ,  on th e  o t h e r  hand, 
which u s u a l l y  has  a pow erfu l  i n f l u e n c e  o f  t h e  o p p o s i t e  
c h a r a c t e r  to  q u i n o l i n e ,  p ro d u ce s  t h e  h i g h e s t  r o t a t i o n  i n  
menthyl  n a p h th a l e n e -  ol - s u l p h o n a te ,  the  secon d  h i g h e s t  i n  
m enthyl  b e n z e n e s u l p h o n a t e , and the t h i r d  h i g h e s t  i n  menthyl  
n a p h t h a l e n e - p  - s u l p h o n a t e .  On the  whole t h i s  g e n e r a l  
ten d en cy  i s  r e c o g n i s a b l e .
These v a lu e s  were then  p l o t t e d  on a c h a r a c t ­
e r i s t i c  diagram a c c o r d in g  to  P a t t e r s o n ’ s method,  and l a y  
w i t h  f a i r  agreement  a lo n g  l i n e s  i n t e r s e c t i n g  one a n o t h e r
ChaTaat&Tistic J)b aQ rarg
- p O Y .
Mmtkijl  SiilpKoalc X.ste.ts
ta  l/grloYxs. ^ olv itn T s.
VLolet" — t^Gnriwj) NajoKVtioleJxc,Sut^Uoaa^e-. 
f^ed » Menl"K\|l JB6 nc&e.
Oreen = Meal4u|l NojplddiCLLeae -SdQakDru]): .̂
Me.re,ury r̂gfen
L' WO;,.Ip- ^Lq N-.
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v e r y  c l o s e  t o  the  o r i g i n  o f  t h e  diagram ( s e e  d iagram I ) ,  
and i n  such a way, a s  f a r  a s  can be jndged  when e x t r a ­
p o l a t i o n  has  to  be c a r r i e d  o a t  th r o a g h  some 35® o f  r o ­
t a t i o n ,  as to  i n d i c a t e  l i t t l e  o r  no r e g i o n  o f  anomalous 
r o t a t i o n  d i s p e r s i o n .  I t  f o l l o w s  from t h i s  t h a t  th e  
d i s p e r s i o n  c o e f f i c i e n t s  f o r  a l l  t h e s e  compounds c a l c u l a t e d  
by th e  o r d i n a r y  method ough t  t o  be a lm os t  th e  same th r o u g h ­
o u t ,  That  t h i s  i s  the  c a s e  i s  shown by the  f o l l o w in g  
t a b l e  o f  d i s p e r s i o n  r a t i o s *
Table  I I .
D i s p e r s i o n  R a t i o s .
M enthyl  benzene Menthyl  I Iaphtha-  Menthyl N a ph th a len e
S u lp h o n a te  e n e - a - s u l p h o n a t e  - (3 - s u l p h o n a t e .
S o lv e n t  a g  / a g  Bg /Eg Hg /Eg Eg /Eg Eg /Eg Eg /Eg .
y  6  y S  V o  V O
A lco h o l  1 '6 8 0  0*883 1 '6 9 2  0*887 1*687 0*878
Benzene 1*664 0 .884 1*695 0*873 1*716 0*875
P y r i d i n e  1*669 0*890 1*686 0*887 1*676 0*852
N i t r o b e n z e n e  1*685 0*888 1*703 0*881 1*698 0*902
E th y le n e  D i ­
bromide 1*665 0*879 1*689 0*888 1*700 0*876
Q u in o l in e  1*685 ' 0*885 1*709 0*672 1*683 0*889.
PAB'I I I .
EOIATIOE o f  IÆ3IXHYL and BOEHYL iSBXSBS 
o f  BEE2Bï;B and HAPHTHAIÏÏEEt a  - and - P  
3ÜLPH0EIC ACIDS i n  VARIOUS SOLVSiras.
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Kenyon and P i c k a r d  (1915, P . ,  3b; have  p l o t t e d  
a c h a r a c t e r i s t i c  d iag ram  f o r  most o f  the  m enthy l  d e r i v a t i v e s  
known, and f i n d  t h a t  t h e  m a j o r i t y  o f  t h e s e  l i e  on the  same 
d iagram w i th  t h e  o r d i n a r y  d i s p e r s i o n  c o e f f i c i e n t ,  r a n g in g  
m a in ly  be tw een  - 1*634 and 1*675.  The e x c e p t i o n s  
found by  them were th e  e s t e r s  o f  t h e  v a r i o u s  n i t r o  and h a l o ­
gen n i t r o  b e n z o ic  a c i d s .  The c h a r a c t e r i s t i c  d iagram f o r  
the  l a t t e r  does n o t  show th e  l i n e s  i n t e r s e c t i n g  n e a r  th e  
o r i g i n ,  and t h e  d i s p e r s i o n  c o e f f i c i e n t s  t h e r e f o r e  v a ry  from 
^ j “ 1*77 to  2*59 .  The s u lp h o n ic  e s t e r s  t h e r e f o r e  l i e  
a p p r o x i m a t e ly  on t h e  same c h a r a c t e r i s t i c  d iag ram  as  the  
normal  m enthy l  e s t e r s .
R o t a t i o n  o f  B ornyl  S u lphon ic  E s t e r s  
i n  V a r io u s  S o l v e n t s .
The r o t a t i o n s  o f  t h e s e  e s t e r s  were examined 
f o r  the  same c o l o u r s  o f  l i g h t  and i n  the  same s o l v e n t s  as  
in  the  p r e v i o u s  c a s e .  Only one s o l u t i o n  was examined i n  
each c a s e ,  th e  c o n c e n t r a t i o n s  r a n g i n g  from 2 *5 to  3*5.  The 
d a t a  o b t a i n e d  a r e  a s  f o l l o w s .
Table  I I I .
S p e c i f i c  R o t a t i o n s  o f  B o rn y l  S u lp h o n a te s  
i n  V a r io u s  S o l v e n t s .
t  = a p p ro x im a te ly  17"5 t h r o u g h o u t ,  
a - e t h y l  a l c o h o l ,  
b = b e n ze n e .
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0 = p y r i d i n e ,  
d = e th y l e n e  d ib rom ide  
e = q u i n o l i n e  
f  = n i t r o b e n z e n e .
B orny l  B e n z e n e s u lp h o n a te .
S o lv e n t  a  b c . d e f
Ooncen- 2*5 3*0 3 ' 5  3*5 3*5 3*5
t r a t i o n
y -19*00 -19*98 -21*8^ -25*60 -26*56 -18*85
g -22*00 -23*15 -24*84 -29*43 -30*57 -21*74
V -36*40 -38*30 -41*13 - 6 9 .0 0  -51*13 -36*00
B o rn y l  N a p h t h a l e n e - a  - s u l p h o n a t e .
S o lv e n t  a b 0 d e f
Goneen-
t r a t i o n  2 .5  3*0 3*5 3*5 3*5 3*5
y - 22*80 -20*51 -18*14 -2 6 .2 8  -27*14 -20*00
g -26*40 -23*50 -20*71 -30*00 - 3 1 * 1 6  -22*83
V  - 6 3 .6 0  -38*80 - 3 6 * 1 1  -69*57 - 5 1 . 6 3  -38*28
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B orny l  N a p h th a !en e - ^ - su lp h o n a te
S o l v e n t
Concen­
t r â t  i o n
a
5*0 3*5 3*5 3-5
-14*00  -14*25 -14*99 -19"43  -17*29 -13*14
g -16*00 -16*50 -17*28 -22*43 -20*00 -15*16
V -26*40 -27 -17 -28*56 -37*16 -33*16 -25*14
The r o t a t i o n s  v a r y  c o n s i d e r a b l y  i n  e ach  c a s e  
w i t h  change o f  s o l v e n t ,  and t h i s  change c a u s e s  o v e r l a p p in g  
o f  one s e t  o f  r e a d i n g s  w i th  a n o t h e r .  The s o l u t i o n s  of  
b o r n y l  n a p h t h a l e n e - ^  - s u l p h o n a t e  show t h e  l o w e s t  r o t a t i o n s ,  
and form a g roup  a lm ost  by t h e m s e lv e s ,  t h e  o n ly  s o l u t i o n  
o v e r l a p p i n g  t h o s e  o f  t h e  o t h e r  e s t e r s  b e in g  t h a t  i n  e t h y l ­
ene d ib ro m id e ,  which s u f f e r s  a l a r g e  e x a l t a t i o n .  S o lu ­
t i o n s  of  t h e  o t h e r  tv/o e s t e r s  i n  t h e  d i f f e r e n t  s o l v e n t s  
g i v e  v a l u e s  which o v e r l a p  each  o t h e r  c o m p le t e ly ,  th e  range  
o f  v a r i a t i o n  b e in g  g r e a t e r  w i th  t h e  n a p h t h a l e n e - & - s u l p h o n ­
a t e  t h a n  w i t h  the  b e n z e n e s u lp h o n ic  e s t e r .  This  i s  q u i t e  
d i f f e r e n t  from th e  b e h a v io u r  o f  th e  m enthy l  e s t e r s  i n  t h e s e  
s o l v e n t s ,  each o f  t h e  l a t t e r ,  a s  a l r e a d y  p o i n t e d  o u t ,  form­
in g  a group by t h e m s e lv e s .
A no th e r  i n t e r e s t i n g  p o i n t  i s  th e  f a c t  t h a t  w h i l e
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t h e  i n t r o d u c t i o n  o f  t h e  s u lp h o n ic  a c i d  g roups  i n t o  m enthol  
c a u s e s  an  i n c r e a s e  in  r o t a t i o n ,  th e  i n t r o d u c t i o n  o f  t h e  
same g roups  i n t o  b o r n e o l  c a u s e s  a d e c r e a s e  i n  t h e  r o t a t i o n .  
I n  b o th  c a s e s  t h e  n a p h t h a l e n e - ^  - s u lp h o n a te  shows th e  low ­
e s t  r o t a t i o n  and t h e  n a p h t h a l e n e - a  - s u l p h o n a t e  the  h i g h e s t ,  
w i t h  the  b e n z e n e s u lp h o n a te  i n  b e tw ee n .  I t  f o l lo w s  t h a t  
th e  i n t r o d u c t i o n  o f  the  same g roup  i n t o  t h e s e  two t e r p e n i c  
a l c o h o l s  does  n o t  e f f e c t  a s i m i l a r  change i n  r o t a t i o n j b u t  
r a t h e r  th e  o p p o s i t e ,  the n a p h t h a l e n e - a  - s u l p h o n i c  r a d i c l e  
p ro d uc ing  the  g r e a t e s t  change i n  t h e  c a s e  o f  t h e  m en tho l ,  
and t h e  n a p h th a le n e -^ "  - s u l p h o n i c  r a d i c l e  i n  t h e  case  o f  
b o r n e o l .
I t  may a l s o  be n o t i c e d  t h a t  t h e  d i f f e r e n t  s o l ­
v e n t s  do n o t  i n f l u e n c e  th e  r o t a t i o n s  i n  th e  same way, a l ­
though  t h e r e  i s  some s i m i l a r i t y .  Q u in o l in e ,  which u s u a l l y  
has  a po w erfu l  i n f l u e n c e  e i t h e r  t c w a r d s  e x a l t a t i o n  o r  d e ­
p r e s s i o n ,  p ro d u c e s  i n  t h i s  case  th e  h i g h e s t  r o t a t i o n  i n  
b o r n y l  n a p h th a l e n e -  a - su lp h o n a te  and i n  b o rn y l  b e n z e n e s u l ­
p h o n a te ,  and the  second  h i g h e s t  r o t a t i o n  i n  b o r n y l  n a p h ­
t h a l e n e -  - s u l p h o n a t e .  E th y le n e  d ib ro m id e ,  which sh o u ld  
have  a po w erfu l  i n f l u e n c e  i n  th e  o p p o s i t e  d i r e c t i o n  to 
q u i n o l i n e ,  h a s  vd th  t h e s e  e s t e r s  a s i m i l a r  e f f e c t ,  and p r o ­
duces  the  h i g h e s t  r o t a t i o n  i n  b o r n y l  n a p h t h a l e n e - - s u l ­
p h o n a te ,  and th e  second  h i g h e s t  w i th  th e  o t h e r  two e s t e r s ,  
w h i l e  n i t r o b e n z e n e  p ro d uces  th e  lo w e s t  r o t a t i o n  i n  b o r n y l
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n aphfha l8ne-(^  - s u l p h o n a t e  and i n  b o r n y l  b e n z e n e s u l p h o n a te ,  
and the  second lo w e s t  i n  b o r n y l  n a p h t h a l e n e - a  - s u l p h o n a t e ,  
t h e  lo w e s t  r o t a t i o n  i n  t h a t  c a se  b e in g  p roduced  by p y r i d i n e .  
T here  i s  t h u s  some s i m i l a r i t y  i n  the  a c t i o n  o f  t h e  same s o l ­
v e n t  on th e  t h r e e  e s t e r s .
The v a l u e s  o b t a i n e d  f o r  the  r o t a t i o n  o f  t h e  t h r e e  
e s t e r s  i n  t h e  v a r i o u s  s o l v e n t s  were  p l o t t e d  on a c h a r a c t e r ­
i s t i c  d iagram in  t h e  same manner as  b e f o r e ,  and l a y  w i t h  good 
agreem ent  a lo n g  l i n e s  i n t e r s e c t i n g  one a n o t h e r  v e ry  n e a r  t h e  
p o i n t  o f  o r i g i n  o f  t h e  d iag ram .  These e s t e r s  t h e r e f o r e  
a f f o r d  a n o t h e r  example o f  compounds which shou ld  g iv e  con­
s t a n t  d i s p e r s i o n  c o e f f i c i e n t s  when t h e s e  a re  c a l c u l a t e d  by 
th e  o r d i n a r y  method.  T h is  i s  seen  by t h e  f o l lo w in g  t a b l e
to  be ro u g h ly  t h e  c a s e .
Table  IV.
D i s p e r s i o n  R a t i o s .
B orny l  Benzene B o rn y l  Naphtha-  B o rn y l  Naphtha-  
3 u lp h o n a te  l e n e - a - s u l p h o n a t e  l e n e - p - s u l p h o n a t e .
S o lv e n t  Hg^/Hgg Eg^/Egg Eg^/Eg^ Eg^/Eg^ Sg^/Eg Eg^/Eg^
A lcoho l  1*655 0*864- 1-625 0*875 1*651 0*863
Benzene .1 .6 5 4  0*863 1*646 0*863 1*650 0*873
P y r i d i n e  1*655 0*879 1*652 0*868 1*647 0*876
c karader 1st le .Duagram
-f o r .
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Table  IV .  (G on td . )
B o rn y l  Benzene B orny l  Naphtha-  B o m y l  Naphtha-  
S a lp h o n a te  l e n e - a - s a l p h o n a t e  l e n e -(5-s u lp h o n a te
S o lv e n t  Sg^/Hg^ Rg^/Sgg Sg^/Bg^ E g ^ H g ^
a t h y l e n e  1 ‘665 0-868 1-656 0-866 1 -652  0-676
Dihromide
Q u in o l in e  1*683 0*878 1*658 0-864 1*667 0-871
N i t r o b e n z e n e  1*655 0-867 1*661 0-868 1-675  0 -8 7 5 .
Comparing t h e s e  r a t i o s  w i t h  t h o s e  found f o r  
t h e  m en thy l  e s t e r s  fTab le  I I ,  page 7 6 ) ,  i t  w i l l  be seen  
t h a t  t h e y  a r e  s i m i l a r ,  b u t  t h a t  t h e  v a l u e s  o b t a i n e d  f o r  
th e  b o r n y l  e s t e r s  a re  s l i g h t l y  l o w e r  t h a n  th o s e  found f o r  
t h e  m enthy l  e s t e r s ,  t h i s  b e in g  more a p p a r e n t  w i t h  th e  r a t i o  
N e v e r t h e l e s s ,  i t  i s  o b v io u s  t h a t  a l l  t h e s e  s u l ­
phonic  e s t e r s  l i e  a p p ro x im a te ly  on  t h e  same c h a r a c t e r i s t i c  
d iagram , t h i s  b e in g  the  one found by  Xenyon and P i c k a r d  to 
i n c l u d e  most o f  t h e  m enthy l  e s t e r s .  Th is  i s  unexpec ted  
s i n c e  t h e  b o r n y l  e s t e r s  t h a t  t h e y  had p l o t t e d  on a  c h a r a c t ­
e r i s t i c  d iagram  ( s e e  same p a p e r )  gave the  same type  o f  
d iagram b u t  d i s p e r s i o n  c o e f f i c i e n t  = 1-707 to  1*871,
and one.would n a t u r a l l y  expec t  t h e  e s t e r s  t o  l i e  on t h a t  
d iag ram .
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